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THE PROBLEMS OF THE DESERT 


By Dr. FORREST SHREVE 


OF CARNEGIE INST ON OF 


1 of practical aftairs OOKS had made 


the desert as a vreat Waste COMMUNITIES 


‘ ; 


which should be put to human use © states and i 
s speedily as possible. Almost invari and Peru 
Is ¢ meeption ol tility Is the pre equipped wit! 
ne, which concerns only the the duty 
‘al welfare of mat He sees the as Tully 
e extension of agriculture, the the tangle o 
tenance of improved grazing ranges, a favorable 
itilization of natural desert produets must Invest 
he conversion of solar energy into — of the desert 
nercially useful forms The more potentialities 
sophical student of human needs remain for 1 
see in the desert many uses of a ultimate plac 
v different type—humanistic, in zation 


ectual and esthetic He can see the In considering 
es rability of having a little-coveted desert the 
rion in which it Is possible for people across the 
dwell simply and cheaply, with the the conventiona 
pportunity to wander, to think, to deavor. Peculias 
paint, to study or to write without noise of its physiog 
ind disturbance. The economist would = matie influences 
ubtless agree that the value of the character of grou 
lesert as a living place, a source of in regimen of its 
spiration, a field of scientific work, is its plants, the 
rth many times its marginal value in’ and the culture of 
e world of commodities of the problems 
Many features of our civilization inquiries into all 
ere developed in the remote past by the desert belongs 
esert people of the Old World. It ap- ences Since the a 1 of eremol 


ears highly probable that the human understand the desert, its history 


owes as much of its advancement — esses and life, a el 
the dwellers in the arid lands around _ sential in the w 
Mediterranean as it does to those of contribute to the 
cool and humid portions of Europe’ lems. As a region: 
d Asia. In America the aborigines ical subject eremolog 
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a part of the great field of geography 
Primarily, both of them deal with natu 
ral features, but the ultimate concern of 
each is the relation of these features to 
hall 

Many of the problems of the desert 
are intrinsic, while others are common 
to the desert and to moister regions, 
but can be attacked in a more effective 
manner under the clear-cut extremes of 
the desert. Indeed, it is not always pos 
sible to delimit the problems of the arid 
lands from those of the semi-arid ones, 
and there is no great importance in 
doing so. The very term ‘*desert’’ is a 
relative one, since the surface of the 
earth presents a great variety of arid 
areas, ranging from the most extreme 
rainless wastes of wind-blown sand or 
barren rock to regions with a moderate 
rainfall and a surprising amount of 
plant and animal life. Throughout this 
entire gamut of aridity the low and ir 
regular rainfall is the most important 
item in the physical conditions. How- 
ever, there is no particular minimum of 
rainfall and no other single eriterion 
that will serve to distinguish a desert 
Ten inches of rain in temperate latitudes 


Will give better conditions 
inches in the subtropics. The 
the topographic teatures, the 
of the soil, the proximity of the 
the percentage ol cloudiness a 
modify conditions as much as diff 
in rainfall do. Ai 
of desert must be a COMpositi 


adequate cle 


} 


bracing both its causal and s 
features. It must be based on 1 
to which a scanty and irregula) 
supply becomes an item of first n 
in the life of 
Finally, its human aspects oh 


plants and 


stressed, as has often been done 
fining it as any region in whic! 
tion is essential to agriculture 
permanent settlement based on 
speaking of the frontiers o1 
aridity has checked the spread ol 
zation, Isaiah Bowman has we 
‘*These are the regions where 
ment conspicuously affects the 
men.”’ 

The principal aspects of des 
vestigation are exploration, 
and physiographic work, the s 


stream history, of soils, of clin 


; 


ditions, of plants and o 
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INTERNATIONAL BOUNDARY IN SOUTHWESTERN ARIZONA I» 


Or 6 TO 8 IN ES SUPPORTS A REMAR 


scarcely less linportant than all these is 
study of the natural history of man 
lesert environments, both in the past 
the present The anthropologist 


he archeologist can here unite in a 


study of the habits. cuiture and prac 
tises of early and recent desert races, 


the physiologist and geneticist can 


stigate the influences of the desert 
vironment and the characteristics it 


av have engendered. 


Geographical exploration has shown 





location of the deserts of the world 
ind has outlined their boundaries, at the 
same time that it has done much toward 


»mapping of their mountains, stream 
ways and other features. In some of 
e largest and most arid regions, how- 
er, there still remains much to be 
ne in the primary phases of geograph 
work. The investigation of the geo- 
gical features has been thorough in a 
v restricted localities and extremely 
‘sory or wholly lacking in extensive 























OUTWASH PLAIN IN 


THE TULE DESERT, 


ABLY RICH PLA? 


ireas Much addit VOrkK Is 

and promises rich returns in both st 
tigraphy and paleontology, as is amp 
illustrated by the results secured b 


American Museun f Natur Histor 
in Mongolia 


{ . 
The eaTUreSs 


crap lc process Vl *! ! } } 

of desert areas have r Nsit 
able study in Asia, Aft ! Ame! 
The recent important contributions 
this field by Kirk Bryan, Douglas J 
son, Eliot Blackwelder ar thers s 
how promising are the possibilities 
further work in arid regions ' S 
tory of drainage Wavs ind the influences 
of elimate on erosion an eposit 


need further exhaustive work particu 
larly with reference to the outcom 
climatic fluctuations More detaile 


studv is needed in addit nal reg ns as 
to the comparative role of wind and 
water in physiographic processes 


In climatology the desert has bee 
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sampled, but its conditions have not been 
thoroughly investigated except in a few 
widely separated places The extremes 


of drought and temperature are better 
known than their frequence and seasonal 
distribution Much has been published 
on the most astonishing features of cer- 
tain accessible places, at the same time 
that very few data are available to show 
the stages of climatic change that are to 
be encountered in passing from the 
heart of the desert across its boundaries 
into the grassland or savanna by which 
it is bordered. Every general climato- 
logical text betrays the inadequate 
knowledge of the arid regions, as con- 
trasted with the humid ones. For ex- 
aniple, in Geiger’s illuminating work on 
the lowest level of the air, ‘‘Das Klima 
der Bodennahen Luftschicht,’’ little is 
found about the desert, the very region 
in which the lowest layers of the atmos 
phere show the greatest departure from 
the higher ones. The arid regions, in 
fact, provide splendid material for effee 
tive study ol meteorological processes 
In them are found rapid changes in 
temperature of the soil, vigorous convec- 
tional movements in the air, sharply 
contrasting droughts and downpours, 
all occurring under conditions such that 
cause and effect can be most easily fol 
lowed. The study of light and of solar 
radiation in the desert is just beginning, 
in spite of the fact that sunshine is the 
ereatest and most distinctive natural re 
source of the desert 

Some of the most interesting and at 
the same time most complex problems of 
the desert relate to the plant and animal 
life which shows itself to be so well ad- 
justed to conditions of great aridity. 
There is no epic more thrilling than the 
story of the keenly pursued lines of in- 
vestigation that gave us our knowledge 
of the ascent of plants and animals. 
The morphologist has shown that the sea 
was the place of origin of life and has 
traced the lines of development of its 
organisms with convincing accuracy. 


The morphologist and the paleont 
have united to give us a pictur: 
emergence of life from the ocean 
establishment in swamps, marshes 
rainy jungles, followed by its rap 
Justment to solid land. <An_ eq 
thrilling story awaits the reader 
future when it becomes possible f 
to have the full narrative of 
quest of the desert by living 
The emigration of life from the s 


the moist jungle is searcely mor 


tounding than its hegira from the 
jungle to the desert 

The physical sciences seen 
sketched a fairly clear picture 
characteristic phenomena of the 
in their fields when the work th 


have accomplished is contrasted wit! 


imperfect outlines of the picture 


biology has been attempting to draw 


The geologist has furnished sat 
tory evidence that there have bee) 
erts in past epochs, probably ext 
and pronounced ones, but he has 
compelled to draw his conelusions n 


from the physical character of the d 


its then laid down. Deserts have exis 


since Permian time, appearing and 
appearing in different parts 
world The evidences of some 
are found in regions which are 1 
ert Some of the most arid parts 
world have been so for a very long 
but not a great deal is known as 
actual continuity of desert condit 
the possibilities for the persistence 
same types of life through suel 
periods. The fact that the desert 
such poor conditions for the pl 
tion and fossilization of living r 
has resulted in a relatively small 
bution from paleontology towar 
history of desert areas. Indeed, thi 
that moist regions offer such wood « 
tions for the preservation of a bio 
record may be responsible for sor 
aggeration in estimating the ext 
which moist conditions have pr 
since Paleozoic time. 














THE 
4 





PROBLEMS OF THE 


DESERT 














SHORT 


LIVI 








history of the origin and develop 


man¢ f desert 


the biota of the 


ts animals and plants considered col 


f tively. constit } 


argely a distinct one for each of the 


ereat continental desert areas It has 


ng been known that there are verv few 


species of plants or animals common 1 
arid lands of America, 
‘e effectively isolated from each 
er by the sea or by humid regions 
Certain relationships may he cited be 
een the deserts of North and S 
those of Nort] 


Same Time tha 


ut} 


and between 
South Africa, at the 
re are a few slender 
America 
between Africa and 


\ } } 


‘h stronger are the relat! 


nerica 


threads of con 


Africa, 
Australia 


tion between ana 


mships be 


en each of the desert areas and the 
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that is, 


utes a problem which is 


Africa, Asia 


At 1 e present time these 





EOI 


Wart dit ‘ 
to them It is clear 1 t the desert 
been populated b eS 


animais row we 


a very siignt extent D ices | lt 
same nat ns I 
) ~ r ~ 
ve been n b Ss 
desert from w Sour Nun 
s1 weeks or? PX \ } } \ 
~ettien nit ( ‘ ~ 


Numerous types at methocs 


ment to arid coi ~ ive bD 
ped Tl ere SM reer ttn’ Vari 
saving that o1 ) Si stn 
hetter thar ! 
permits thie persis ree \ 
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gle against other organisms and an ad- 
verse environment. 
the biota of any one of the great desert 
that there 
which 


areas will disclose are very 


many cases in the same general 
type of adjustment has been developed 
by unrelated stocks. Large roots in 
which water and food reserves are stored 
and protected by an extremely distaste- 
ful coating are to be found in the Amer- 
deserts in unrelated 


ican four widely 


families of plants. Indeed, with respect 
to plants, there are very few structural 
or functional adjustments to the arid 
environment which are not known to oe- 
cur in several families. Particular in- 
terest attaches to the parallel lines of 
that 
widely distant areas of similar charac- 
ter. The South Africa 


offers examples of analogy with 


development have taken place in 
vegetation of 
many 
that of North America, the euphorbias 
the Aloe recalling 


Sarcocaulon 


resembling eacti, 


Agave and suggesting 


Fouquieria. 


The adjustments of an organism to 


arid conditions may be obvious or ob- 


secure. Few structural features would 


serve to distinguish the ants or the birds 
of the moist tropics from those of the 


desert. Certain beetles and ~ reptiles 


might be readily recognized as desert 


forms, while others would not. Among 


the mammals of the desert it is almost 


wholly features of behavior rather than 
them to 


of structure that have enabled 
colonize the lands of high 
and little Among plants it is 


easy to detect features of structure which 


temperature 


water 


serve to reduce water loss or to provide 
There 


other obvious features which enable the 


a reserve of water. are many 
take advantage of periods of 
the 


water 


plant to 
abundant moisture 
difficulties of 
during 


and to escape 
their 


periods oft 


maintaining 
solvency oreat 
drought. However, an increasing num- 
ber of cases is known in which plants 
exhibit differences in water requirement 


of which there is no hint in their strue- 
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ture. It therefore, that 
recognition of a 


appears, 
sure desert org 

can be based only on its occurre: 

the desert, and that an interpretati 
its adjustments can be secured onl; 
investigations of its behavior, life 
tory, structure and physiological cha 
teristics, carried on under natura 
ditions. Desert 
so few places that we have only su 


work has been don: 
ficial knowledge on which to base a 
parison of the structural, functional 
behavioristic features of the biota 
several desert areas of the world 

an interesting commentary on thy 
that a score 
oceanographic institutions and over | 


servatism of science 
hundred marine and fresh-water labor 
tories are devoted to the investigation 
aquatic life and conditions, while the 
are only three small laboratories in 
entire world in which the scientifie p1 
lems of the desert are being pursued 
The one aspect in which investigat 
of desert life has reached a fairly s 
factory stage of advancement is thi 
classification and naming 
Through the 


lecting, 
plants and animals. 
bled results of taxonomic work 
sible to draw several conelusions 
desert has fewer species of plants 
the moist regions, about the same 

ber of species of birds and mamn 
and a greater number of species of 
tiles. The organisms of the desert s 
varying degrees of relationship to 


Most of 
and a 


of moist regions. the sp 
of the 


families are distinctive. 


many genera rew 
These des 
of relationship are unlike in Am: 
Asia, Africa and Australia 

Only through close cooperatiol 
tween the geologist and the biologist 
it be possible to estimate the durat 
arid conditions in the several great 
ert areas and to reconstruct the st 
of earth history which 
the setting for the development of de 
life. 
determine 


have fur 


it be possib f 
diff 


Thus only will 


whether tterencs 


ave, 
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AN UNDRAINED BASIN IN 


HE ENTIRE VEGETATION IS HERE 


REGION THERE HAVE BEEN PERIODS OF 


of conditions or other factors 


responsible for the existence of far 


re highly specialized types of life in 
some deserts than in others. 

Just as human ‘‘history is past polli- 
the 
ta no more than a study of its distri 


tics,”’ so is the history of desert 
bution, the character of its environment 
the the 


‘onditions which prevailed at successive 


nature of its responses to 


The relations that 
xist to-day, and are now under investi- 


erlods in the past. 
vation, have been determined to a great 


xtent by the conditions which existed 


sterday and are now subject to inves 
tigation only by means which are indi- 
ct, inferential At 
mpts to unravel the problems of origin 
d history of life 
floristic work on 


and incomplete. 


desert through 
inistic and the ani- 


us and plants of to-day will make 
s ‘cessful progress only when conducted 
with the facts 
own in regard to the habitat, behavior 


physiological characteristics of the 


} 
Close 


conjunction 


ta. and with the maximum aid from 


THE 


FOR MI 


MOHAVE DESERT, 


D BY ONLY 


THREE YEAR 


the findings of developmental morp 


ogy and comparative anatomy 
Two 


fundamental questions underlie 
all inquiries regarding 
of life 


the organism handle its 


the adjustment 


How 


and how 


to desert conditions. does 


water, 


do conditions of intense and prolonged 


illumination affeet its life processes ¢ 


The answers to these questions will have 


much of common application to plants 


and animals. However, the plant bids 


fair to show a qualita- 


higher degree of 


tive adjustment to extreme eonditions 


The 


acute problems of 


because of its immobil rodents 


of the 
food supply, but their 


ity 
desert have 
relatively damp 
homes protect 
extremes. An 


minutes to the 


and cool underground 
them 
fifteen 
fatal to 


insects and 


from exposure of 


midday 


sun 1s 


many of Birds, repti 


Liem 


larger mammals are al! 
of sight at midday in the hot, 


Meanwhile the 


are exposed to desiccation and illumina 


dr sSe@a 


SOnS. perennia plants 


tion and either meet these cond tions or 


perish 





ry ‘ 
4 
4 


P06 


The investigation of water relations 
than that of leht 


vreater 


has advanced furt er 


relations, because of its sim 
plicity and surer physical background 
plants has 


ease otf 


Particularly in the 


there been enough work to give a fair 


understanding of water loss and the re 
lation of arid conditions to its daily and 
seasonal fluctuations, and also of water 
storage and the features of physiological 
behavior that are associated with it. In 
the investigation of the soil as a source 


for the plant, the 
water into the plant, and the movements 


of water entry ot 


of water in its stem and other tissues, 


creat 


unworked field of 
little 


there is a large 


importance. Relatively has been 


done on the water relations of animals 


A comparison of the role of water in 
metabolism in the animal groups of the 
} 


desert is not vet possible. The loss and 


requirement have been investigated in 


only a few forms. Many desert animals 
are known to take no liquid water, and 


our knowledge of their supply through 
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food is 
Terrestrial insects are exposed to 
than other 
but very little is known about 
and -the 


their 


moist or dry very ine 


temperatures any 


perature relations bear 


these relations on obvious) 


water requirement. In the case of 
animals and plants it is important 
the investigation of the 
light 
ducted in such a manner as to 


water, and temperature be 
ive 
quate weight to the fact that these ¢ 
tions are all operating concurrentl) 
that the three have very close inte 
tions. 
Considerable attenti 

to the 
features of structure whic! 


obvious and 
desert plants, particularly 
may be interpreted as having 
the conservation of water 
than any of 1 
devices is the ability certall 


isms to withstand the extremes 


verse conditions without 


POSS@SS11 
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VOLCANIC 
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PLAINS NORTHWES'1 
4 VERY OPEN 


Db. T. MacDo 


the external mechanisms which ap- whole, so complicates 
ir to be so important to certain of the regions, and part 


eher plants. Particularly among the’ tropics, they cai 


sses and ferns are many cases in_ tacked with profit 
ch the leaves are able to withstand  vestigative moveme 
mged desiccation without their pro requires the emp 

plasts losing the ability quickly to outlooks from 


esume activity when freshly supplied logical science 
th water. The features of drought old-fashioned nat 
esistanee may be studied in these plants portance in st 
in some of the desert insects with and behav 


ight prospects of fundamental results The study 
he negleet of such problems has been hand 
largely to the fact that the men who 
ive had an opportunity to work in the 
esert have not been able to remain there 
more than a few months. The inves 
tigator with limited time selects the 
problems that will give quick returns 
her than the ones that promise 
damental results at the expense of 
method: 
\n understanding of life under desert — searel 


years of work. 


litions can not be built up by the 


The essential u t\ t clesert 
vment of any one restricted has been strongly emphasized by 
thod of procedure Although the study of environment eonditions and 


blems involved are not, on the of plant and anin fe which has beet 
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SANDY PLAINS BETWEEN KHARGA AND DAHKLA, 
IN THE LIBYAN DESERT, WITH HILLS ERODED BY WIND-BLOWN SAND. HERE, 
UATIONS IN THE SAHARA, ARABIA AND THE DESERT OF GOBI, PLANT AND 


THEIR MINIMUM FOR THE LAND SURFACE OF THE EARTH. PHOTOGRAPH BY . T. MacDo 


earried on in the southwestern United lems of the desert can not be purs 
States during the last 30 years. In many’ without a wide view and a compre 
respects the plants are less profoundly sive attack. The realization of 
influenced by each other than they are unity has been impressed upon the n 
in moist regions, and more closely af- of every one who has worked intens 
fected by the environment. The inter- in the arid regions 

relations between the life and the envi- The study of the desert and the st 
ronment are intimate and intricate. of the sea have much in common i 
Every aspect of the desert is closely tied breadth and complexity but esse 
to every other aspect of it. The in- unity of their problems. There 
fluences of the climate on physiographie nevertheless, some profound differ: 
and soil processes, the relation of these between the activating philosophy 
to vegetation, the influence of vegetation oceanographer and the eremologist 
on the life and fate of animals, the attractions of marine work have rec 
manifold influences of animals upon been set forth by Dr. H. B. Bigel: 


plants, and the reciprocal effect of plant his suggestive little book ‘‘Oce 
and animal life on physiography and raphy.’’ The morphological div 
soils, all combine to form a vast nexus of marine life has been its pri 


of relationships which no type of inves- attraction, together with the fact t! 


tigation dares to disregard. The prob- life processes are earried on unde! 
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s which are vastly more uniform land forms and m 


e and space than those on land. their determination e charac 


reason that Bigelow has adduced the climate. It applies to the processes 


+} »o w4 . ' 
arin is worked 


desirability ol studying the life by which the face of 
ocean constitutes a tacit argument over and remade under the influences 
iding the study of terrestrial life. an arid climate. It applies to the 


1 
Tt} 


uniform conditions of moisture of soils and to 


ie Slow physieal, 
of the structures or processes are cal and biological processes by 
oped which adjust life to meager their development is accomplished 
incertain supplies of water. Where applies with particular foree to 
rm conditions of temperature can great problems in the origin of 

secured by movements of a few fath- and animal life 

s per annum there can be found none’ which make the act 
e adjustments to temperature ex- organism distinctive 

mes which are so important in terres- the essential problem 


rganisms. Many marine animals study of life under extrem: 


be had in great abundance for ex- conditions, of the events by 


rimental work and reared successfully biota of the desert have entered it 
nder controlled conditions, whereas developments by which their entry 
merous land animals can be secured accompanied, and » structura 
definite stages of development only on functional features by which they 


; 


rarest oceasions, and can be reared able to maintain themselves in 
th the greatest difficulty. These facts There can be no question as 
erely spell our ignorance of the condi fruitfulness of the investigatio 
ns which make the multiplication of — biological phenomena which take pla 
nisms more difficult and precarious under extreme conditions lurtherm« 
and than in the sea. In brief, almost it is notably true of the desert that 
one of Bigelow’s examples of the problems are sharp \ defined by reas 
ity of marine life for scientific of the vigor of the environment and 
fi, 


gation, in behalf of effectiveness, simplicity of the flora and fauna 
loguent argument for making the broadened conceptions and | 
f biology as narrow as possible, anced views that are 
in every case its suitability is ogy by the study 
nded on the opportunity to escape processes are an impor 
mplicated situations. These complica progress of science. 
ns are precisely the thines that make fourth of the earth’s 
‘estrial life what it is. nearly one fourth 
‘he largest problems of the desert, in nental United States 
field, are those of origin and proce vives added weight t 


This applies to the origin of the a deeper knowlede I these great a > 





RACING CAPACITY IN THE THOROUGHBRED 
HORSE 


By Dr. HARRY H. LAUGHLIN 


CARNEGIE INSTITUTION OF 


PART I. THE 


THE SOLUTION OF THE SPECIFI( 


WASHINGTON, COLD SPRING 


MEASURE 


> 
PROBLEMS 


HARBOR, NEW YO! 


OF RACING CAPACITY 


INVOLVED IN THE INVENTION 


MATHEMATICAL YARD-STICK FOR RACING CAPACITY 


THE purpose of the research reported 
in these two papers is to find the laws by 
the 
of inborn racing capacity from one gen 


whieh Nature governs transmission 


eration of Thoroughbred horses to an- 
other. These investigations, which began 
in 1923, were made possible by the sup- 


port of Walter J 
breeder ot 


Salmon, Esq., distin- 
cuished the Thoroughbred 
horse, and by 
the Carnegie Institution of Washington. 
farm, 
Ken- 


Mr. Salmon’s extensive breeding 
Mereworth Stud, at 
tucky, has been the field experiment sta- 


Lexington, 
tion for this work; while the laboratory 
researches have been conducted by the 
Carnegie Institution of Washington in 
its Department of Cold 
Spring Harbor, Long Island, New York 

In the Salmon library at Cold Spring 
Harbor there has been built up ‘‘a 
substantial body of working data’’ 


Genetics. at 


very 

for 
research in the genetics of the Thorough 
bred horse. This library has assembled 
the principal racing and breeding ree- 
ords of all countries, and the most im- 


books and papers by investi 


portant 
gators and breeders of the Thoroughbred 
the 200 
vears, principally in England, America, 


horse, published during last 
France and Germany. 

The laboratory has systematized care 
fully the first-hand breeding and racing 
10,000 Thoroughbred 


horses, about one half fillies and one half 


records of some 


colts and geldings, mostly in the United 
States, England and France with a few 
other countries. 


hundred scattered in 


the scientifie direction of 


These records were organized pr 
for analysis to attack the main pr 


; 


as above stated. ( dise 


whieh N 


transmits racing capacity from one 


that is, 
mathematical rules by 


eration of Thoroughbred horses 


other. 


Before we can successfu V atta 
genetics of any quality we must w 
stand its essential nature as a str 
or physiological entity, whichever 
be, in the individual. 
be defined 

the studies we will 


The quality 1 
that throug 
be measuring 
analyzing and talking about the s 
thing. 
in the Thoroughbred horse is that 


exactly so 


By definition ‘‘racing ¢ay 


siological entity which enables the 
in running races to carry 


hic] 
: 
nich 


for lone distances, at 


spee 
I 


and age being duly considered an 
The t 
inborn abi 


factors being constant.’’ 
racing capacity—the 
distinguished from ability added 
subtracted from inborn quality by 
ing or by other environmental influ 
Racing capacity thus depends bas 
the 


differentia 


upon heredity. In measure 
born racing capacity 


+ 


ronmental influence must, of cou! 
reduced to a minimum; but at le: 
influencing conditions, whether 
or environmental, except the one 
measured must be kept as consta 
possible for the particular investig 
In possession of a satisfactory d 
tion of racing capacity, it is next 
sary to examine this quality erit 
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MATCH BETWEEN GIMCRACK AND BAY MALTON, 


MPORARY PAIN 


minting sho l 
idealized in both conformation 

shows also the l of jockey 
of riding in inning races 


Oo a generation ago when 


in introduced the now universal and fas Eclipse was unbeaten, 


mkey seat’’ shown in Figure 3, and in the important foundat 
ire of Display ridden by jockey Maiben He himself sire 


he Thoroughbred, or runn horse, was For mai 


i 


ny 
oped in Great ain from ‘*‘ Arabian, bian hors 


and Barb’’ stallions, and light native dentials t 


} 
a} 


mares, during the last three centuries now even su 
e beginning shortly after the destruction be registere 

he Spanish Armada in 1588, there were a sire and dan 

random importations, it was really during oughbred st 

reign of Charles II, 1660-1685, that the From Gre 

rtation of superior desert-bred saddle sta spread over 
ns laid the foundation for the Thoroughbred contributed 
rst Many centuries of severe selection had the best breed 

oped, in the desert countries of the Mo quire speed 
nmedan world, a saddle horse par excellence oughbred fo 
transportation, in herding, and in war. These over each vear. 
sert stallions were brought to Great Britain Britain, France, Arg nia, ! ilia and Ge 
1 crossed with the racing type of native many lead in the number of roduced an 
tish mare, and thus the Thoroughbred or nually by this breed, but ‘ all countries : 
nning horse had its origin. represented to some exte 
fo name the greatest of these imported Great Britain probably 
indation stallions, we must list the Beyerley foals, but the United 
rk 1689, the Godolphin Barb 1730, and the ing her. 
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its anatomical, physio- 
logical and developmental aspects. We 


it when we 


particularly in 


must be able ‘‘to diagnose’’ 
find it in an individual, but above all we 
must be able to measure this thing—the 
inborn physiological entity called racing 
capacity—with considerable aceuracy. 
THe YARD-STICK FOR RACING 
CAPACITY 

The elementary things in racing capac- 
ity are sex, age, weight-earried on the 
back, distance-run and speed attained. 
For the measure of racing capacity it is 
obvious that no existing yard-stick will 
suffice. It is necessary then to invent a 
new standard measure. This task can be 
attacked hopefully because most of the 
basic measures which enter into racing 
have long ago been perfected. 


for 


capacity 


The successful yvard-stick racing 
capacity as a physiological entity must 
enable one to answer the question, ‘* Just 
how good a horse was ‘Sir James,’ 
judged solely by his racing perform- 
ance?’’ It is obvious that the perfected 
vard-stick must measure racing capacity 
as shown by actual performance in each 
different 


quality of 


measure 
definite 


race; that is, it must 
performance on a 
mathematical seale 

Yard-sticks for 
for age and for speed have, through the 


distance, for weight. 
centuries, been finally perfected so that 
now they are very exact. Each, with its 
minute subdivisions, has been in use for 
a long time as one of the essential tools 
in commercial transactions, in biology 
For measuring age we 
of the 
whieh for 
earried on the back of the running horse 
the for 
distance-run we have the exact measure 


and in physies. 
the 
is quite 


have measuring stick year, 
accurate; weight- 


we have measure in pounds; 
in furlongs; for speed attained we have 
the very accurate yard-stick of minutes 
and The 


needed must provide the correct inter- 


seconds. new measure now 
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compensation for sex, age, we 
carried, distance-run and speed atta 
in races truly run on good or fast tr 
all other factors being constant 

One sees immediately the 
the 


weilght-carried 


pract 
Inere 


and 


problem 
the 


distanee-run, 


nature of 
on back 
creased each, slows 
the horse; then, *‘ How many pou 
equivalent to 


down the horse?’’ It 


one furlong in slo 
is clear that 

| 
depends 


inter-compensation upol 


; 


other essential measured factors 
sex, the magnitude of distance a) 
magnitude of weight with whic] 
dealing. 

for 
must 
Each 


The correct formula the mea: 


of racing capacity provide 
inter-compensation. actual 
which the horse runs must be mea 
by a definite figure called the ual 
Performance. Such a figure is a 

of evidence concerning the racing 

ity of the horse. All such pieces of 
dence must be properly codrdinate 

correctly stressed in order to deter 
just how good a race-horse the pai 


lar individual is; that is, wha . 
logical Handicap is 

The thing which these studies 
ing to measure is, then, the inherent 
ing capacity of horse-flesh, whic! 
conditions | seX 


] } 


speed, Ca 


a given set of 
weight, distanee and 


i } 


dueed to a definite figure It 


ficient to depend upon adjectives 


‘*poor,’’ **m 
Definite n 


? 


as ‘‘very poor,”’ 
‘*fine’ 
matical vard-sticks in studies 


* and ‘“‘superior.”* 
must supplant adjectives. 


MAJOR 

What does each of these several 
factors, all other factors being equ 
to go 


FACTORS 


to speed? It is necessary 
this inquiry systematically. 

1. Distance Run: In this part 
phase of the main problem, it is 
to take the best 


sary records 


+ 
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Standard Mean Seconds per Furlong in the Running Horse 
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S’.M.S.F. FOR co S HE For) 4 AND I 


rs (ONS 


is formula there re fe 
a St.M.8S.F.. or time \ 


riables, 


or ein vears: 


° . ag 

tance-run in furlongs, and W, 

on the bar k, in pounds KF 
f this sort one dir 


or weight 


or mod 


on is needed for 
iriable factor B eau \\ ] 


mensions availabl 


ve onl 


vodel-making, 
thematical mode 


resent formula wit 

»f one model for 
therefore build fo 
and an nden! 
ecessaryv to repre 


rath 


ner 
constant 

g, while the othe 

rang 

s we appt 


or dimension d 


aoes 


of val 


g and model-making, but 
m and flexib 
formula. 

eally this forn 


r each comb nati 
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American Thoroughbred horse-flesh have does to speed, for each condition 
made for each distance; but there are a plex of sex, age and distance-ru 
great many sets of conditioning factors. other faetors being constant. 
Thus the relation between speed and dis- studies in weight-carrying capacity 
tance had to be plotted for each possible discovered an interesting phenom 
different combination of sex, age and Let us eall it the ‘‘switch-back effect 
weight-carried—all other factors such as We all agree that if you put er 
track-condition and the trueness of the weight on a horse it will slow him d 
running being equal. The analysis of It is also assumed that the more we 
many hundreds of records shows that if you can take off a horse’s back the f;: 
we increase the distance-run, we slow you can make him run. But the a: 
down the average speed per furlong very _ sis shows that there is a limit to t! 
rapidly at first, but, in the longer dis- crease of speed by taking weight 
tances, for instance between 12 and 16 Whether it is because small jockey: 
furlongs, an increased distance of a fur- poorer riders on the average, or whet 
long or so still slows down the horse, but the horse needs a ballast. is not ip 
the amount slowed down for each fur- tant here. but the fact is undoubt 
long added decreases rapidly. IS the analvsis of racing records. In « 
within the range of actual racing—3} to neering and in physiology we find n 
12 furlongs—where added _ distance parallels to the ‘‘limits of a good 
counts most heavily. Races naturally The kiek of the eastrocnemius pn 
fall into the classes of sprints and dis- of the frog in lifting a weight 
tance races. In a sprint, there must be  glec¢tric stimulation, and, in art 
no conservation of energy, but the high- practise, the relation between the 


est possible speed must be maintained of the powder-charge and the dist 


my or ; ; ; > ; y " " . . 3 
weaves ~ Anish. DX - nding on the which a shell of the same weight wi 

‘se, a spr ‘anges , approx}- > 66 Iss - 
horse, a sprint ranges from approx} are examples of ‘‘the limit of iners 


ately 2 to 7 furlongs. But, for a longer tale , 
ene ot aoe : and the beginning of decreasing 


race, the highest average speed is at- Mie s ‘ 
by increasing cause. 
tained by conserving energy, that is, by " — 
tie. a i >. Age: Here again it is necessa 
‘rating the horse along’’ in the earlier 


. 2 plot many curves, each showing th: 
stages of the race, then, in the later 


: . d speed-records which American 
stages, urging him forward so that when 
a ad ere oughbreds have made for eacl 
the race is finished the horse is ridden 
out,’’ and he has maintained a practi- 
eally uniform speed throughout the 


Each curve is based upon its ow) 
plex of sex, distance-run and 
earried. Judged by every factor ey 


course 
A. E. Kennelly long ago proved this 
latter principle true in all athletic ree- 


age, fillies improve in absolute ca; 

until about 25 years old, then grad 
. . . a ra , ; . ‘ , a c + 

ord-making, whether by man swimming old age sets in and absolute capat 


or running, or by the horse trotting, or clines. Colts improve up to 34 
in any other speed-contest by animals. ‘©@ts old, then decline ; while, she 
Relative uniformity of speed throughout geldings improve until they are aby 
years old, then decline slowly due t 
age. While most Thoroughbreds 


foaled in early spring, all ages 


the race is an essential characteristic of 
each endurance speed-contest of whatso- 
ever kind which establishes a record. 

2. Weight Carried: In weight-carry- Thoroughbred are judged from t! 
ing capacity a similar set of individual vious January first. Thus, in the! 
studies had to be made. It was neces- ern temperate zone, it is seasons 
sary to determine what weight-carried than the exact number of montlis 
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Qase ms oo 9e«7 
Quality of Performance (@P) or Racing Gopacity shown 


a + 1.9290 — Omer Sland ia GP 


loom 


ua Cie Ben 
nd 
'9 Peflects 
2 : te 
A NORMAL DISTRIBUTION CURVE OF 
LD OF 24 HORSES ‘‘ NEARING THE LINE’’ IN 
1929. DISTANCE: 12 FURLONGS; AGE: 3 YEARS; 


D: 126 LBS. FILLIES ARE ELIGIBLE, BUT NONE S81 


In such a set-up the starters are not expected experiments in pl 
me out even at the finish, but, by frequeney expected that one 

i racing-capacity, to be distributed along a then will follow 

rmal probability curve. This picture shows then, in the middlk 
iteome of test-performances in a very com great ma ‘ 

physiological activity with almost the hack the 


“natical aceuracy expected in a series of he closed 
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days which count most in maturing and the standard time f 
aging the running horse. time actually made 

The ‘‘switch-back effect’’ which was Thus racing capacity 
observed in weight-carrying capacity is matically comparable in diff 
also apparent in age. Horses improve in vidual horses regardless of sex 
absolute racing ability until a certain’ with sex duly considered. 
age, then decline. Thus there must Other Factors: Others fact 
be two ages for a given racing abil- Having learned essentially 


tv in the same horse; once on the up different major elements of 


hill ot ace and once on the downhill weight and distance Inter-e 


To illustrate this prineiple in refer- each other in relation to speed 


ence to age, it is noted that, for example. — sible to apply the resultine 
when the weight-carried is about 113 (determine the Quality of Pert 
pounds, the distance-run is a sprint of jin an absolute figure for ar 


furlongs, the sex under con formance of an individual 


‘ 


about 3} 


sideration being colts, the age-range = pyn on a eood or fast track 


being that of practical racing and all In the running horse tl 


other factors being equal, the *‘generally — gense’’ or ability of the 


; ; . JOCKe 
declining rr horse can, at one defi as a major factor. This is 
nite age, run as fast as he could at canal tional reason why. in ¢ ymputin 

ther sf} te ace } ** ova i rj : . : 
other definite age in his **generally im capacity, it is necessary to se 


proving’’ ability as a young horse This horse’s beat races Many ¢ 


a tg a 
— paradoxical, but a ee ; | cause a horse to run slower than 
{. Ser: Sex 1s, of course, a Major ele . 
te a OS Vee a ity, but nothing can make 
: ‘acing eapacitv. S 22 x- : 
me nt In racing capacit) ince sé capacity. 
difference can not be measured as such ’ . . 
. ; age or the time being studies vw 
by figures on a vard-stick, it is necessary . ; ; 
Ris bef. : Th fined to American dirt tracks, s 
to invent racing-capacity yard-sticks in : on 
’ A ad little faster than others. The ti 
dependently for eolts, for fillies and . ; ‘ , ‘ 
“tie , sale tor in America is simpler tha 
for geldings. If racing differences in Eu Te te ) ‘ 
surope. IS True that Americal 
the sexes were measurable by a vard- lift pe fast 
. "Tamar ailter in Tastness, Out they are ; 
stick, we could add the sex-factor mathe t]} f f ; 1; 
2 rather than turf tracks, and in ge) 
matically to the formula, and thus have he A : 1 : . ; 
ep ; . > the American dirt tracks are about 
one formula instead of three for the * a . : 
. ' ver cent. faster thé > turf tr 
yard stick for racing capacity. But “ r cen i r than the % 
until the physiologists learn how to ee 8 a es = 
make such a vard-stick for sex we confined to American dirt tracks iy 
an LD ‘ é s "iN ) ; d 
must continue to use the three for or fast condition. Reeords oft tra 
anion dition are, of course, kept, vw 
However. the difficulty is votten fast. sloppy. heavy r th 
° . > . ‘ ‘ > if < a | , 
around practically by designing the the purpose later of analyzing 
measuring stick for racing capacity Tunning capacities in mathe! 
> . , > . ne < 
for each sex as a standard ratio. In fashion. But mud-running i 
each case this standard is the ‘‘mathe inter-compensated by a mat 


matically smoothed best,’’ that is, the Yard-stick, although the possib 


highest speed which ‘‘Thoroughbred such inter-compensation is pr 
horse flesh’’ has thus far achieved for 
the particular complex of major factors, INTER-COMPENSATION OF F'A 
and the quality of performance of the With an eye single to finding t! 
particular horse in a race under the par- rect formula for Quality of Pert 


ticular set of conditions is the ratio of | these curves are systematized by 
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FLIGHT or TIME DISPLAY 





AN AMERICAN HANDICAP 


BOTH < LT ‘D FILLIES AND ASSIGNING EACH 


DESIGNED TO EQUALIZE CHANCI 
PimuLico Futurity, No 


mgs; Track condition: fast At 


mber 6, 1925, Purse, $40,000 


he finish the ore W 


CANTER 
BUBBLING OVER 
DISPLAY 
PENSTICK 
(RUSADER 
ESPINO 

MARS 

DRESS PARADI 
Epiru Cavi 
ACROSTI 
LANCASTER 
FLIGHT or TIM 
MARYGRACI 
PRINCE OF WALES 


Unlike the Derby (Fig 

Futurity each entrant is 
dgment of the handicapper, 

» shows the lead ng three, 


the finish of 
ere ¢é 


distance begins rhose horses 
nd possessing better inborn distance 
inton. It is noted that the best 
this race, but by Bubb 


+ 


? 
¢ 


‘ 
going capacity, show 

quality of performanes 
[ ing Over, who lost tl 


! s e race 


ion of a second for any han operated stop W ite] 
| five pounds more than the winner. 


rac 
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lies: they are cross-sectioned with a 


‘strait jacketing’’ to iron 


We 


standards for any complex of 


minimum of 
out their discrepancies have thus 
a set of 
and distance. 
the 
which the breed has accomplished 
the How 


particular race-performance is, or how 


Sex, ht-carried 
These 


best’’ 


ave, wels 


standards state ‘*smoothed 


up to present time. good a 
good a race-horse a particular individual 
is, depends upon its actual performance 
when we consider sex, age, weight-car- 
ried and distanece-run, compared with 
the best which the breed has done under 
the same complex of conditions. 

For 


weight-carried, 


colts these basie factors—age, 


and distanece-run—are 
shown by the mathematical models (Fig. 
] ° These both a 


smoothing of the actual record-making 


models represent 
data and a plotting of the formula which 
these data gave. Each model shows the 


best which horse-flesh has 


‘*par value’’ 
achieved up to the present time under 
the given set of conditions. Of course 
the date 
other than the present would have been 
the 


numerous and ex- 


smoothed records up to any 


theoretically possible, but records 
are now exceedingly 
act, and the present proved tobe a very 
appropriate time for standard-making 
These present standards may be used no 
matter how much advance in racing 
capacity or how much degeneration may 
take place in the future. The standards 
represent a par value, and we can mea- 
sure both above and below them. 

After all 


and 


cross-section- 
the 


again 


mathematical 
ings are 


(Fig. 1 


data, 


smoothings finished, 


general formula was 
applied to the basic and excep- 


tionally close-fitting curves were found. 


sense—it 


This the 
gave confidence that the general formula 


supplied common 


for Quality of Performance is correct. 
In building the mathematical models for 
quality of performance it is necessary to 


use four sets or families of models for 


each sex instead of one single model, 
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because there are four major fa 
distanee-run, weight-earried, age 
speed, and nature supplies only 
dimensions for mathematical mods 


the sort here needed. Consequenth 
show all types of inter-compensati 
these four elements requires four mat 
models taking three dime 
There 


Nature, as many 


matical 


at a time. are, of «& 
‘*climensions’’ as t 
are factors in a formula of this s 
Mathematically, in this formula t 
We can 


surface for any one of the four mat 


are four dimensions 
matical models by substituting 


formula a definite value for 


dimension 


Fie. 1) gives 


-_ - a 


factor or 
Model 1 
the 
per furlong for all 


missing 
stance, 
curves of standard mean s¢ 
conditions 

age, consequently a similar forn 
built for every 


horse Model 2 


this must be 
f the 
all standards 


sequently a 


one 
racing 
except for weight. 
form 
must be built for each weight. Mod 


similar to this 
gives all standards except for distar 
consequently a surface of this sort n 
be found for every distance for w 
Mods 


inter compensates distance, weight 


we may desire a standard 
age for a definite speed, namely, 12.7 
mean seconds per furlong; consequ: 
a family of forms like this one—on 
each speed in which we are intereste 
must be worked out. 
At this point attention should be 

to the fact that 
have the same 


capacity, one horse may be a sp 


two horses 


while 
final rating in 

weight-carrier but a poor distan 
ning horse, another may pile up « 
itv-credits on account of coming-t 


especially early, or maintaining 
racing capacity late in old age 
any combination of the basic qua 
each properly stressed or weighte 
into the final figure for racing ca] 
as a whole. This opens an imp 
side-field for the still 


more refiné 
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analysis It is the measure and 


tance of the special capacities con 


t to racing capacity as an inter 


nsated whole. The most important 


se highly specialized capacities are 


+ 


ee-volng capacity, weight carrying 


tv, age capacity, and mud-running 


tv. In researches 
esire to keep all other Tactors con 


And SO ll 


‘-omplex there IS ho 


almost any physiolog 


end ol 


vy of analysis-overlapping and of 


unit 


; 


compensations—both structurally 


physiologically It the individual 


n genetic origins 


PERFORMANCE: THE MATHE- 
MATICAL FORMULA 


Kig. | 


inter-compensation. It 


() ALITY O1 
(he formula accomplishes all 
ese tasks of 

supplies all of the standards which are 

needed for judging the quality of per- 
formance of any eolt under any set of 
and 


nditions of ave, weight-earried 


listanee-run, other factors being con- 


stant. But, as previously stated, a set 


eurves and formulae—independent 


it of parallel type—have been worked 
for each sex. 

For each set of conditions the stand- 
represents the quality of perform. 

1.000. Thus, if a 

conditions 

furlong 


‘e at par, or QP 
under a given set of 
the 


given in 


norse 


makes mean seconds per 
his 
If, ina 
fast track, 


his mean seconds per furlong is less than 


the standard for this set, 
quality of performance is 1.000. 
‘uly run race on a good or 
e standard, then his quality of per- 
If he re- 
quires more time than ealled for by the 
standard, then his quality of perform- 
ance is less than 1.000. 


formanee is more than 1.000. 


The formula then reads as follows: 


QUALITY OF PERFORMANCI 


Standard Mean Seconds per Furlong 
Q.P. 


Actual Mean Seconds per Furlong. 


When we compare two excellent per- 
lormances in either the same or in dif- 


on each ot these 


HORSE 


ferent races, we linme 


ran the better race 


horse 


can back and forth 


be argued 
definite 
But 


answer it definitely 


decision. unless we have 


ards of measurement with 


vard-sticks we can 
if we agree that the races were equally 


and that the 


We know the 


sex and age, and it is necessary then on 


well ridden and truly run 


tracks were equally fast 
to determine mathematic 
**horse-flesh’’ inter-co 
carried, distance-rut 
particular physio 
mental set-up 
Another 
if Man o’War wa 


America ever pr 


questio 


races It 


all of his 
that 


must 


quality of performance whic] 


horse shows ] a gviven race S 


delicately balanced affair In 

deliver his maximum capacity 

must be in prime condition, he must be 
well ridden, the race must be truly rm 
and other factors must be favor 
able 


Moreover 


ance 1S 


many 


made 


} orses 


ferent 
These welg 
Capper 1n 


} 
will give 


**past performance,’ 
If suel 

exact sclence, 

formance’’ of the 


never variable, then all horses in 


ticular handicap race would er 


finishing line at 1 instant But 


same 
as a matter of fact, actual quality of per 
formance is subject 

This is an important 


he considered In the measure 


Some horses show 


capacity 
in quality in their successive best 


they are ‘‘reliable.’’ Others ar 


sometimes running very superior races 


while at other times they are disappoint 


ing. It is, therefore, necessary in judg 
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ing the racing capacity of the horse to 
take ‘‘only but all’’ of his best races 
into consideration. 

It is this variability in quality of per 
formance that makes racing so enticing 
as a sport, and also which makes it inter- 
esting and important to selenee. Both 
in the keen judement of ‘‘racing men’”’ 
and in und scientific computation, 
the mathematical picture of a selected 
‘horse-race’’ is painted with the brush 
f odds or probability, and not with the 
finger of certainty In fact, many of 
the former cocksure formulae of so fun- 
damental a science as physics are now 
being stated In terms of probability. 
Of course when we compare the subject- 
matter of physies with the subject-mat- 
ter of biology, generally but not always, 
the highest class-probability predicted in 
a physical matter much more nearly ap 
proaches certainty than does such proba- 
bility when it involves a complex biolog- 


Ileal element 


Racine Capacity or BrotogicaL HaNp! 
cap: THE MATHEMATICAL 
FORMULA 

In order to distinguish between qual- 
itv of performance which applies to the 
single race, and Racing Capacity which 
applies to the whole racing career of the 
horse as a measure of his ‘‘inborn racing 
qualities,’’ the measure of the individ- 
ual’s racing capacity for his whole 
career is called his ‘‘biological handi- 
eap,’’ or his ‘‘B.H.’’ All of the actual 
races run by the individual horse must 
be taken into consideration in order 


to answer the question, ‘‘Just how good 
a racehorse was ‘High Spirit’?’’ te., 
‘‘What was his racing capacity, that is, 
his biological handicap?’’ While every 


race is a piece of constituent evidence, 
it is found that the real capacity of the 
horse is better measured by taking the 
best of his races, in accordance with 
definite principles of selection. The 


number of races selected, as standar 
by the present study, depend upo 
total number run and varies from 
10 as follows: 

Number of races, truly run and 
ridden on good or fast track. selected 
determining racing capacity or B.H 


Number run 
Take best 


Now, if we take the mean Quality 
Performance of these best races. we ¢ 
a good picture of the racing capacity 
the horse, particularly if he has rw 
large number of races. Any horse wl 
competes in 6 or 7 races, truly rm 
good or fast tracks, under varying 
ditions of age, distance-run and weig 
carried, supplies data for a good mat 
matical picture of his real capacity 

But men who handle horses do not 
the term ‘‘par value’’ and ‘‘racing 
pacity’; they say, ‘‘This is a 110-pou 
horse,” and ‘‘That is a_  120-p 
horse,’’ not meaning, of course, that 
always carries so many pounds, but t 
that is ‘‘how good a horse he is.”’ | 
another technical use for the w 
**pound,’’ which, depending on t] 
text, might be avoirdupois, Eng 
money, or racing capacity. Now 
found useful to transform mean qua 
of performance into pounds, or bi 
ical handicap, and the following for 


does the task very well: 
Biological Handicap (B.H 716 QP 


Final B.H. is computed when 
racing career is finished. B.H 
puted at any earlier date is tentat 
BH,), and is based on performance 
the particular date. It makes no difl 
ence in subsequent mathematical 
lations whether this straight line tri 
formation is used to turn mean qualit: 
performance into biological handica} 





THE THOROUGHBRED 


HORSE 








DISPLAY, BAY COLT 
H AW THORN 


~H POUNDS 


(70 


\G! 


Time 2:02 CONDITIONS 


OF PERFOR) TCH 1.0019 
HICH HI 


Hy 


; 96 RACES . OF WON 


130.93 WAS BI 


OF HE EXPERI 


is used 


performance 


an quality of 
lirectly it 


l V. In either 
accurately the ‘*inborn 
on the vard-stick of ‘‘horse-flesh 


measures 


Case 


Same 


stuff,’’ 


standards for running at high speed’’ 
sex, age, weight-carried and distance-run 
being duly considered. 


PRINCIPLE OF ADDED FUNCTIONS: 
A Userut Toou tn YARD-STICK 
INVENTION 


TH 


Each basic research should \ ield a use- 

new tool. In constructing the for- 
mula for the standards mean seconds per 
‘urlong, the principle of added functions 
has been developed. Statistical analysis 
f problems which involve several simul- 


WORK 


DISPLAY R 


ACED 


23 RACES 
tEl 


MENT 


taneous and 
such a tool. 
When it 


single entity, a complex 


is desired to measure 


quality com 
posed in turn of several relatively simple 
elements, different 
The method of 
in the 


methods have been 
index-making is 
In 
multiple correlation 

Each 
In problems of the sort 


tried. 


common commercial world 


statistical studies 


has been developed has its uses 
and limitations 
presented by the physiological nature of 
racing capacity the method of added 
functions as here developed is most use 
ful; it has flexibility and it is thus clos 
fitting to the observed data 


Ine 


The formula for the measure of ra 
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capacity is a specialized use of the prin- 
ciple of added functions. Its technique 
can be used in measuring as an entity 
any quality, whether a natural physical 
or physiological entity, a ‘‘syndrome,”’ 
or an arbitrary collection of elementary 
units brought together through a ‘‘ chain 
of connecting functions,’’ provided each 
constituent element is, in turn, already 
measurable directly on its own indepen- 
dent basis. 

In the theory of functions this work 
demonstrates the principle which may be 
stated as follows: If two things (for ex- 
ample, distance and weight) are each 
independent functions of the same third 
thing (for example, speed), then these 
first two thines (distance and weicht 
are, for each specific value of this third 
thing (that is, speed) unique functions 
of each other. The principle of added 
functions, by the mathematical models 
shown in Fig. 1, illustrates this very 
fundamental principle quite clearly. 

In heredity Nature seems to function 
through many somatically independent 
forces tied together in pairs by their 
commonness as functions each of the 
same third factor. This tying together, 
through a third element, of two appar- 
ently independent factors seems to be a 
basic characteristic of the working of 
Nature, if indeed it is not the main 
structure of Nature itself. 


CONCLUSION 

By means of the definite yard-stick 
here developed we can now, with a single 
figure for each, answer such questions as 
** Just how good a race horse was the 
colt Man o’War?’’ and ‘‘Just how good 
a race horse was the filly Snowflake?’’ 
We know that Man o’War was a chest- 
nut colt, by Fair Play, out of Mahubah 
by Rock Sand, that he raced in his 2- and 
3-year-old forms, that in all he ran 21 
races carrying from 115 to 130 pounds, 
for distances from 5 to 13 furlongs, that 


he won 20 of these races and was second 


1 


in the one race which he lost, 

‘‘erossed par’’ 9 times, and that he 
records. We knovw 
Snowflake was a chestnut filly, b 
Hatter, out of Snowdrop by Cicer 


she raced in her 2-, 3- and 4-, 


lished many 


forms, that she ran in all 30 races 
rying from 103 to 126 pounds 
tances ranging from 4} to 11 
that she won 7 races, was seco! 


; 399 
crossed pal o tin 


and that she *‘ 
also know the sex, age, weiglit 
distance-run, speed (mean secon 
furlong), track condition and 
ness of the race’’ for each of thes 


Althoug] 


two horses are of different sex, and 1 


vidual performances 


ran at exactly the same age, 

same distance, carrying the same 
the new yvard-stick for measuring 
born racing capacity of the T] 


bred horse rates, on the same seal 


o’ War at 139.25 and Snowflake at 12 


If we were studying a qua 
stature in man this preliminary 
tion of the vard-stick would be um 


sary, because the foot-rule and the nm: 


stick have long since been standard 


In mathematical geneties, the stu 
variable qualities, whether structu 
functional, demands first of all 

yard-stick, even if it has to be dev: 
or invented for the specific pul 
The two conditions necessary for 2 
ical analysis of the type herein rep 


are, first, measurableness of the sub 


quality in the individual 
stick in hand, and second, some it 
tion that the particular quality 
measured tends in some manner tf 
in-the-family.’’ 


We are now in possession of a r 


yvard-stick for the measure of racin: 


pacity in the Thoroughbred horse 
are, therefore, now ready for 


stage of these researches which w) 


the mathematical rules by which nat 
governs the inheritance of racing 


pacity. 





with t] e | 





I 





‘H 


\W r) 

















THE CONQUEST OF MALARIA: 





ITS NATURE 


AND SOCIAL SIGNIFICANCE 


By Dr. ARTHUR L. BEELEY 


PROFESSOR OF 


role disease and 


the ol 
in human affairs that 


So vital is 
the Gibbon 


e future will, no doubt, explain the 


ind fall of civilizations less in terms 

tical and social economy and more 
erms of disease and sanitation. Such 
social interpretation of human his 
we 


Ls well nigh inescapable when 


sider for a moment the number and 
ety ol pestilences that from time im 
iorial have afflicted the race 

in this light 
different 


that which tradition assigns them 


When events are viewed 
r meaning is often quite 


lil 


For example, it is becoming more and 


apparent that the American sue 
ess at Panama was not primarily an en 
rineering feat, great as that was, but 


rather a sanitary triumph over two of 

the oldest and most pernicious human 

maladies—yellow fever and malaria 

The occasion for this review of the de 
that led up to the 

though the actual—con- 


velopments have 


potential not 


quest of malaria, is the recent death of 


Sir Ronald Ross, whose brilliant dis- 
overy in India a generation ago added 
the last link to a chain of scientific 


knowledge by means of which it is now 
possible to eradicate this disease com- 
of this 
knowledge is apparent at once when it is 


pletely. The significance new 
seen that, even to-day, malaria still ex 
acts an annual death-toll of approxi 
twenty-five 
various parts of the world. 


mately million persons in 


Past AND PRESENT THEORIES 
OF MALARIA 
Because the symptoms of a malarial 
tack are so distinctive, there seems to 
no difficulty in tracing the disease 


SOCIOLOGY, 





UNIVERSITY OF 

back as far as 1,000 C., accora 
Singer’s ‘‘Short Hist Medici 
Hippocrates refers to the disease an 
Galen describes it in some deta ae 
rodotus tells how t] Keyvpt ans who 
habited the marshes he Nile w 
plagued with gnats, and how the 


wrapped themselves up in nets at! 


Some 


writers ‘Onli iia 
was a contributory cause of the deca 
of Greek and Roman civilization Bu 
however conjectural this may be, it Is a 
fact, nevertheless, that the mythologies 
of these cultures contain explicit allu 


sions to the diseas« Apollo, the 
vod, for example, was worsl iped, 
alia, for his reputed power to drive awa: 
the malaria mists 
the sun were thought 


While the 


malaria 


theories of 


ifie 


heen completely eX 


pre-scient 


have now 


ploded, the term itself, derived from the 
Italian mala aria, meaning bad air, is 
still used to designate that class of in 
termittent and remittent fevers (some 


times called ague, marsh fever, hi 
fever, paludism, ete.) in which the in 
fection is spread from one person to an 


other by means of 


The 


malaria 


a mosquito 


present selent ifie explanat lon I 


can be epitomized by saying 
that whenever a female mosquito of the 
a human being 
his blood 
parasites thus extracted undergo devel 
the After 


two or three weeks the mosquito hee 


genus Anopheles feeds on 


with malaria parasites in the 


opment in insect ’s stomach 


mes 


infective. and when, in this state, it 


bites another human being, it 


injects 
into him certain developmental forms of 


the parasite which are now present 


in 


its salivary glands. These minute para 
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sites enter the red cells of human blood, 
multiply rapidly and give off a poison 
which produces the characteristic fever 
known as malaria. In a day or two this 
polson may be eliminated from the pa- 
tient’s system, in which case the fever 
will subside, but soon another genera 
tion of parasites comes to maturity and 
the patient experiences a recurrent at 
tack. Unless properly treated with quin 
ine these recurrent attacks tend to 
continue, often resulting, directly or 
indirectly, in death 

The successive steps which led up to 
this knowledge constitute an inspiring 
chapter in the history of human prog 
ress 

THe Discovery OF QUININE 

The first great landmark in the con 
quest of malaria was the discovery of 
quinine in the seventeenth century. 

Quinine is the most important alka 
loid obtained from cinchona bark. Its 
chief value, says the pharmacologist, is 
its effectiveness as an antipyretic or 
fever-reducing agent. It is a specific 
antidote for and a general prophylactic 
against malaria. 

The word itself contains the clue to 
the interesting history of this drug, for 
quina is the Peruvian word for bark. 
It seems to be well authenticated that 
this bark was officially named Cinchona 
Bark by Linnaeus in 1742, in honor of 
Countess d’El Chinchona who was 
chiefly responsible for its introduction 
into Europe. While in Peru she had 
been cured of an attack of malaria by 
the use of this tree-bark, a remedy well 
known to the Indians of that region. 
The benefits were so striking that the 
Countess took some of the bark back to 
Spain with her in 1640. 

It seems not too much to say that no 
drug has proved a greater boon to man 
kind than quinine. Its extensive use 
throughout the world, especially during 
the past fifty years, has materially re- 


dueed the ravages of malaria. 


FINDING THE MALARIA PARAs 
IN HUMAN BLoop 

The use of quinine, however, 
clue as to the cause of the diss 
Which it has proved to be so effe 
cure. It was not, in facet, unt 
thing over two hundred years aft 
ine had been introduced into E 
that the immediate cause of malay 
definitely established 

With the improvement of t] 
scope in the nineteenth century, an 
scientific study of human pat 
which that instrument promoted 
inevitable that medical men 


sooner or later, examine the body 


especially the bleod ror clues as 
the possible cause of disease ly 
case of malaria, such microscopic 


soon established the fact that the 
of a malaria patient contains gra 
of pigment, a substance then thous 
be due to the chemical action of 
air’’ on the red blood cells lt 
difficult to see, therefore, why Prot 
Alphonse Laveran, possibly stimu 
by the work of his older and more 
trious contemporary, Pasteur, woul 
out the parasite theory in exp 
malaria pigment 

Krom the staff of Val-de-Grace M 
tary School of Medicine in Frat 
Laveran was transferred to a mi 
hospital at Constantine, Algeria. It 
here, while examining the blood 
soldier suffering from paludism 
marsh fever as the Freneh call it 
he discovered the parasite. 

Quoting from his own work, 
Paludisme et son hématozoaire,”’ 


1) 


lished in 1891 (Martin’s trans., 1893 


we read: 

. as I was trying to account for the 
of formation of the pigment in the ] 
blood, I was led to see that besides melar 
leucocytes, spherical hyaline corpuscles wit 
nucleus could be seen, and also very char 
istic crescent-shaped bodies. 

I had proceeded thus far with my res 
and was still hesitating whether these ele 
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PROFESSOR ALPHONSE LAVERAN 


1845-1922 


sites, when on November 6, 1880, on Academ\ ot Scleneces 1n 1889 and hy the 
, as pigmented s} : award of the Nobel prize for medicine 


ed above. I observed on the edge of several 1907 
. . . in 
hese elements, moveable filaments or flagella ; ’ 

extremely rapid and v iried movements rhe hex Daiing question Was, \ 


Pty doubt as to their nature does the malaria parasite get into iman 


blood 


Laveran’s discovery that malaria is 
‘aused by a parasite was not only the ON THE TRAIL OF THE Mosquito 
md high-water mark but, without The scientific study of parasites had, 


been making rapid 


f 


loubt, the most important single event in the meantime, 
n the solution of the malaria problem strides. One of the striking biologica 
In recognition of its magnitude Laveran processes which this branch of know 


was appropriately honored by the French edge had already made plain is 
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that certain parasites spend part of their 


lives in one animal and the rest in an- 
other 

The first scientist to discover that man 
and the mosquito are joint hosts to a 
parasite was Sir Patrick Manson in 
1878, when at Amoy, China, he discov- 
ered the part played by the mosquito in 
a disease called filariasis, a morbid con- 
dition resulting from the infection of 
the human body with certain worms 

It should be stated, parenthetically, 
that the brilliant work of Dr. Walter 
Reed on yellow fever and mosquitoes 
was not accomplished till 1899, in 
Cuba 

Manson, who had become one of the 
leading figures in tropical medicine, later 
devoted himself to the malaria problem 
Takine the conelusions of Laveran 
elaborated by MacCallum in 1897—and 
reasoning from his own experience with 
mosquitoes, he advanced the hypothesis 
that the flagellum (which appears only 
when malarial blood gets outside the 
human body) is a means of facilitating 
the parasite’s escape for the purpose of 
establishing a new life-cycle to be lived 
partly in water and partly in man. 

Manson told these things enthusias- 
tically to Major Ronald Ross, a young 
colleague who, in 1894, had returned to 
London from medical service in India, 
where he had been deeply impressed by 
the baneful influence of malaria and 
other tropical diseases. Having pre- 
viously decided to study public health, 
Ross returned to India resolved to ‘‘fol- 
low the flagellum,’’ as Manson advised, 
and to work out the entire problem thor- 
oughly. 

After much fruitless work, however. 
Ross discovered that the flagellum com- 
pletely disappears soon after it enters 
the mosquito’s stomach. He therefore 
abandoned Manson’s hypothesis to the 
effect that the parasite escapes from the 


mosquito into water and that it later 
reaches the body of man by ingestion 


He concluded that the parasite 
form or another, must remain in t 
sues of the mosquito until it reent 
human host. 

For two years Ross worked unti 
often under the most trving cond 
By trial and error he evolved 
technique for dissection and dis 
that of the many species of mos 
only a few carry malaria. It 
Secunderabad, India, in 1897, 
finally found malaria parasites 
stomachs of Anopheles mosquitoes 
had been bred from larva and 
a human case of malaria. 

The dramatic details of this dis 


are quoted from Ross’s own *‘ Men 
The dissection was excellent, and | 

fully through the tissues, not so fan ir 

search ng every micro! vitl 

and care as one would search 

palace for a little hidden treasurs N 

No, these new mosqu toes also wer yy 

a failure: there was something wrong 

theory. ... I was tired, and wl 

I must have examined the stomachs 

sand mosquitoes by this time B 

of Fate fortunately laid his hand o1 

and I saw a clear and almost perft 

outline before me of about 12 microns 

ameter. The outline was much too s 

cell too small to be an ordinary ston 

a mosquito. I looked a little further 


was another, and another exactly s 
The afternoon was hot and overeast: 
member opening the diaphragm of tl 
condenser of the micr« SCOP to admit 
and then changing the focus. In eacl 


cells there was a cluster of sma rral 


as jet. ... (the malarial pigment 

All that now remained was the e) 
mental proof of this discovery () 
to his transfer to Caleutta where 
malaria was scarce, Ross used ma 
infected birds in order to trace, st 
step, the complete life-evele of the 
site. When this task was success 
completed in 1898, he triumphantly 
graphed to Manson, who reported 
news at a meeting of the British Me 


Association a few weeks later. 
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PATRI 
1844 


SIR 


Ross THE MAN 
While Ross was working alone in India 


group of Italian scientists were inde- 


endently confirming his results at 
Rome. Later on, a long and bitter con 

versy arose between Ross and Pro 
lessor Grassi regarding credit for the 
discovery. In the minds of such men as 


eran, Koch and _ Lister, however. 


re seems to have been no doubt about 


priority of Ross ’s work Moreover 


honors which sooner or later were 


vered upon him leave no room for 


K MANSON 
1922 
doubt as to the w 


his work 
Society 


prize for 


1911. 


Up to the time ol his death n 
ber, 1932, at the 


ical Diss 
bitterly 


sion, largely 


} 
Ing Is 


eradication of 


Although 





»)) 


orld’s appreciation o 


¢ 
I 


He Was elected to The Royal 


1901: 


In 


awarded 
1902; kn 


medicine i 


sASeS, Tn 
eritical of 
To! 


proposals 


trained 


malaria 


London, 


Ross Institute 


the 


he 





the medical 
their apathy in ad 

for the world-w 

as a physiecia 


septen 


I 


rethaihes 


Nobe 


izhted 


for Trop 


protes 


it 


JOR 


the title of His 


mind was extremely versatile as well as 


preterred scientist 


His many volumes of poetry and 


Keen, 
prose are said by competent critics to be 


of extraordinary caliber. Certain of his 


published studies in mathematics are 


also said to contain unmistakable signs 


of genius 


INTERNATIONAL SCOPE O1 
PROBLEM 


TH rH 
The final identification of the parasite 
carrier soon resulted in the inauguration 
of vast anti-mosquito campaigns in vari 
ous parts of the world. Comprehensive 
systems of drainage and screening have 
been adopted with vreat success in Italy, 
in Africa, The Federated Malay States, 
in Central America and more recently in 
the Southern States. At Panama, for in 
the the 
Canal, the technique of mosquito-eradi 


stanee, during construction of 
cation reached a new level of perfection. 


General Gorgas wrote to Ross in 1914: 


If we had known no more about the sanita 
tion of Malaria than the French did, I do not 
think that we could have done any better than 
they did. Your discovery that the mosquito 
transferred the malaria parasite from man to 
man has enabled us at Panama to hold in check 
this disease, and to eradicate it-entirely from 


most points on the Isthmus where our forces 
were engaged. 

not therefore, t 
this fact that 


at the Isthmus of 


It seems to me extreme, 
that it 


enabled us to 


» SAY 


diseoverv of has 


build the Canal 


was youi 
Panama 

A great the 
world-wide campaign against malaria by 


the 1923, of the Malaria 
Commission of the League of Nations, a 


impetus was given to 
creation, in 
body whose primary object is to pool the 


with anti-ma- 
after careful 


experience of all nations 
In 1927, 


Commission 


larial 
study, 


measures. 

this concluded, 
among other things, that there is as yet 
no single method of eradication which 
can be described as superior to all others. 


** Malaria control is a local problem. 


No country should follow slavishly the 
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method used by another merel 
there.’’ The ¢ 
| thre 


tifie stud) 


it was successful 


slon also emphasize 
‘continuous scien 
specifically the problems 
medication, immunity, the b 
the Anopheles and the stud: 
That the practical problem 

is by no means solved, a careful st 
the International Healt Yea 
published by the League of Nat 
1930, will show. Malaria is still t 


disabling and death-dealing 


the tropics In Ceylon, lol nsta 


is by far the most prevalent 


eases In the Philippines, in Tm 
India, in the Malay States an 


ranks among ti 


of Russia it 


portant causes of disease and 
Even in Greece, Holland, Italy and R 
mania it is still a menace to healt 
welfare. 

No American, incidentally, ca 
the health reports of the League 
tions without a feeling of pride 
scope of the internat 
health work of the Rockefeller F 


1929, for instance, in ad 


magnificent 


tion. In 
to its vellow fever and hook-worn 
tivities, it assisted eighteen foreig: 
ernments engaged in malaria ¢campa 
demonstrations or surveys, either b: 
tributions to their budgets or by the 
of staff members who served as 
fants 


MALARIA IN THE UNITED STA 


igs : mala 
While malaria is no longer a s 
mur 
problem in the northern states 
nevertheless, by reason otf elimat DEAT 


econsiderab 
Mortality st 
States show t 


economics, a disease of 
portance in the South 
United 
$084 deaths fron 
laria in the registration area, or 3 
100,000 of the population. Three 
occurred in 


ties for the 


1929 there were 


of these deaths 
Southern States listed below It is 


the death rate 





nificant, also, that 
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SHORTLY BEFORE HIS DEATH IN 1953 
malaria is generally higher in rural com 
munities and amongst colored people 


DEATHS FROM MALARIA PER 100,000 Pot ATION 
Six SOUTHERN STATES, 1929 


Arkansas: 36.3 ( 
White 29.3 
Colored 56.4 \ bama 0.5 
W) 
Florida: 33.5 ( nail 12 
White 26.0 
Colored 51.3 That the presence of malaria 
Georgia: 92 5 community is evidence Of a SoG¢lal a 
White 18] economic difficulty rather than a med 


Coiore 12.6 me, is a Statement no one can 
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The _ effective demonstrations of the as well as of ends, for it could 
United States Public Health Service in have been done without the aid 





a number of southern states proved this microscope and many of the othe: 
to be true twenty years ago. Moreover, niques known to science. Nor was 


the experiments initiated by the Interna- work of a few great men. It rep: 
tional Health Board in 1922 further’ rather, the cumulative work of hu 
proved that the small town or rural dis- of obscure scientists whose specif 
trict can virtually rid itself of malaria tributions can never be identifie T 
at a per capita cost of from forty-five less rewarded. iS 
cents to one dollar per year. The story of this conquest social 
sketched here—also throws a fi 
Some REFLECTIONS light on the incredible processes forme 
The conquest of malaria is a fascinat- logical evolution, especially the \ ass] 
ing record of unmistakable progress. It which one form of life interacts w 
is another example of man’s collective other in the inexorable struggle | ment 
victory over an insidious enemy in his _ istence. It shows, too, how many ISI 
natural environment; and it is hearten- current ideas of life in general ai turies 
ing to consider it at a time when we are ease in particular are the vestiges er 
bewildered by our chronic failure to pre-scientific era in which man’s searc 
cope successfully with the social forces standing of life phenomena was ¢l) porn 
which also make up our environment scribed by what he could see wit our | 
It was, moreover, a triumph of means naked eye revie 
prove 
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THE ORGANIZATION OF INCA SOCIETY 


By Professor GEORGE PETER MURDOCK 


YALE UNIVERSITY 


Tue communalism of primitive tribes 
has long been clearly distinguished by 
ad- 
vanced Instances of the 
former are legion. Soviet Russia, the 
elassic example of the latter, is not, 
however, the first but the second experi- 
ment of a great civilization with social- 
ism. The first came to an end four cen- 
turies ago with Pizarro’s conquest of 
Peru. In the last few the re- 
searches of Baudin in France and Trim- 
born in Germany have revolutionized 
our knowledge of Inca society, and a 
review of the facts now known may 
prove illuminating and suggestive. 

Only an acquaintance with the geo- 
eraphic environment can give an ade- 


social scientists from socialism in 


societies. 


years 


quate conception of the magnitude of 


the achievement by which the Inca 
dynasty welded into a political and cul- 
tural unit ten million Indians of diverse 
tribes in a territory extending 2,500 
miles from central Chile northward to 
the border of Colombia. 

The Andes parallel the Pacific coast 
in two majestic ranges, the Eastern and 
the Maritime Cordilleras, forming a 
gigantic avenue lined with snow-capped 
voleanoes. The prevailing trade winds 
from the South Atlantic most of 
their moisture in the Amazonian jungle 
and on the forested eastern slope of the 
Eastern Cordillera. Enough reaches 
the inter-Andean plateau to produce a 
very moderate rainfall, but the winds 
are completely parched when they 
descend the Maritime Cordillera to the 
The Pacific contributes fog but 
no rain. Consequently the narrow 
coastal zone is, except in the far north, a 
desert of windblown sand with no vege- 
tation save a few cacti and fugitive 


lose 


coast. 


The 
coastal strip is broken, at intervals of 
the 


ribbons of 


plants. monotony of this barren 


about thirty miles on average, by 
bands of green 
which mark the 
often intermittent 
melting snows of 


vegetation 
courses of short, and 

rivers fed by the 
the Maritime Cordil- 
Only in the fertile but 
valleys of the permanent streams is man 
able to live and thrive. 

Between the two ranges of the Andes 
lies a plateau 12,000 feet in average ele- 
vation and from 100 to 200 
breadth. It is broken up, however, into 


large 


lera. isolated 


miles in 


hoyas or drainage basins by 
numerous transverse ridges and ramify- 
ing spurs. A series of rivers, shallow, 
clear and swift, drain the several basins, 
pass to the east through mighty gate- 
ways or pongos in the Eastern Cordil- 
lera and plunge to the swampy low- 
lands to join the sluggish Amazon. The 
countless snow-clad peaks ranging from 
18,000 to 23,000 feet in altitude, the 
wild labyrinthine the 
sometimes a mile in depth and inacces- 
from the land 
earthquakes and seared by lava flows, 
all conspire to produce scenery of 
breathless grandeur. Although 
mineral resources, the country supports 
only a meager mammalian fauna. The 
temperature varies little in any season 
from the annual mean of 50° F., but its 
range at different altitudes and at dif- 
ferent hours of the day may be immense. 


vorces 


valleys 


sible above, riven by 


rich in 


The plateau is treeless except for occa- 
sional clumps of gnarled evergreens and 
for thickets of reeds along the streams. 
alternate with 


and 


Grass-covered slopes 


rocky wastes, moors 


stretches of desert. 


swampy 
The scanty vegeta- 
moderating the 


tion never succeeds in 








~~ 


monotonous gray of the landscape. ‘‘It 
is never winter here, never spring, never 
summer ; it is a land of eternal autumn.”’ 

Lacking in navigable rivers, poor in 
fauna and flora, surrounded by desert 
and jungle, its few habitable regions 
isolated from one another by barren 
wastes and almost insurmountable moun- 
tain barriers—an environment theo- 
retically more unfavorable for the 
erowth of civilization could scarcely be 
imagined. Yet civilization did develop 
here, stimulated by migrations and by 
cultural diffusion from Central America. 
By the beginning of our era, regional 
specialization had produced distinctive 
elaborations of the common cultural 
heritage in three widely separated parts 
of the area: the Chimu civilization on 
the northern coast of Peru, the Nazca 
culture in southern Peru, and the Tia- 
huanaco civilization in the Bolivian 
highlands. Between 500 and 600 A. D. 
the Tiahuanaco culture was spread, ap- 
parently by conquest, throughout the 
plateau and the coast. After three cen- 
turies of dominance, however, it sud- 
denly collapsed through some unknown 
cataclysm and was succeeded by a period 
of disorder. 

The Ineas, though their origin is 
shrouded in myth, seem to have been one 
of the many small warring tribes which 
maintained a precarious economic and 
political existence in the highlands. 
Their chieftain and first historical ruler, 
Sinchi Rocea, about the year 1100, estab- 
lished hegemony over a group of tribes 
inhabiting one of the mountain valleys 
tributary to the Urubamba River. His 
successors, by a brilliant succession of 
conquests, established the Inca empire, 
which reached its maximum extent 
under the tenth ruler, Huayna Capac 
(ce. 1485-1525). 

Life in Peru from time immemorial 
had centered in the ayllu, an exogamous 
clan united by common descent, usually 
in the female line, by the cult of a com- 
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mon totemic ancestor, and by th 
of avenging injuries to its m 
Each clan laid claim to a definite 
tory and inhabited a single villag 
perhaps a hundred irregularly clus 
huts of stone, mud or adobe. 

The house, its furniture and a 
jacent garden plot belonged to the 
vidual family. The clan owned 
tively, however, all land outs 
village. [ts members enjoyed 
rights to game, wood and pastur 
the communal forest and meadow 
they tilled in common a portion 
agricultural land for the support 
chief, the cult and the aged. The 
portion of the cultivated land, howe, 
was not communally tilled but 
periodically distributed among the 
vidual families to exploit for th 
profit and at their own risk. 

Maize or Indian corn and tl 
named ‘‘Irish’’ potato constitut 
most regions the mainstay of exist 
supplemented by lima and kidney be 
squash, sweet potatoes, tomatoes 
peppers, and other vegetables. The ff 
of the domesticated dog and euinea-y 
fish, game birds, and an occasional « 
served to relieve but slightly the 
dominantly vegetarian fare of the P 
vians. 

The llama and alpaca, the only la 
animals ever domesticated by an An 
ean Indian tribe, formed the basis 
economic life in the regions too hig! 
too arid for productive agricult 
They were too valuable as beasts of | 
den and for the wool they provided to | 
used very often for food. They gr 
on the grassy uplands in large he! 
each the communal property of a ce! 
and were driven once a year to the \ 
lage to be shorn. The wool, which 
equally distributed among the sev 
households, together with cotton 
ported from the coast, was spun 
thread by the women and woven 0! 
looms into the fabrics from which 
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cho-like garments of both sexes were 
ide 
Food, shelter and clothing, in spite of 
ain regional differences, varied little 
n any particular clan. The chief 

ne towered above the common level 

the clansmen, from whom he was 
distinguished by a higher standard of 
ving, exemption from labor in the 
ds and the possession of private 
estates and herds. He held his position 
by various rules of succession, and his 
power ran the gamut from purely per- 
sonal influence to military despotism. 
Clans, though sometimes politically au- 

nomous, often united into larger 
eroups or tribes on the basis of com 
mon descent, the need of mutual pro- 
tection or the necessity of joint action 
in the regulation of irrigation. In such 
eases the leader of one clan became the 
ribal chief while the others constituted 
a tribal council. In a like manner 
tribes were sometimes further com- 
pounded into confederacies and even 
into feudal states. 

The Inea empire followed this typi- 
cal evolution from clan to state. It 
went, however, a long step farther. 
The eighth ruler, Pachacutee (ce. 1400- 
1448), transformed the irregularly or- 
ganized feudal state, which he inher- 
ited, into a symmetrical hierarchy of 
groups and officials pyramided strictly 
according to a decimal system, and he 
initiated therewith a regulated system 
of production, distribution and con- 
sumption which bore most of the ear- 
marks of what we have come to know 
as state socialism. And he accom- 
plished this feat of statecraft with a 
minimum of violence to existing insti- 
tutions. 

The clan, the most vital institution 
in Peruvian life, was not destroyed. 
On the contrary, it was absorbed, vir- 
tually intact, into the imperial system, 
and became, indeed, the very corner- 
stone of that system. It was merely 





standardized. T SS 1 i 
males into ten ! S e 
principally 

The system 

eighth of these, tl s l 

men in the betwe 
twenty-five i I rs ol 
Each pw \ “i man 
householder and a r th 

as well as for l Cla 
standardized, < sed 

hundred purics e received 
name of ‘‘centul | rmer ¢lal 
chief, instead of being deposed 
allowed to remain 0 ( 

absorbed into tl | hierar , 
a ‘‘eentur he > ry likewis 
retained the old in lal li ew 
artificial character Inve 

latter with a new signi ces | mo 
territory tended to supplant community 
of blood as the primary bond of asso 
ciation. 

The century was subdivided into 
**deeuries’’ of ten } s each. of whon 
one was appointed ‘‘decurion’’ or for 
man over the rest larly te 
turies were er uped into a pn ! 
and ten phratries into a ‘‘trib v 
therefore numbered 10,000 pu T) 
tribe and phratry corresponded to tl 
earlier political confederations, and the 
former chiefs and petty kings usually 
remained in office although sometimes 
subject to the advice and control of 
resident Inea delegates uur tribe 
formed a ‘‘province,’’ over each o 
which presided a ‘‘governor’’ with 
highly important civil, judicial and 
military functions. The provinces of 
the empire were in turn grouped int 


four 
roy.”’ 
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“e 


ward ‘‘through official channels,’’ and 
a stream of orders flowed downward; 
there was no contact between function- 
aries of equal rank. A corps of secret 
agents, quite outside the hierarchy, cir- 
culated incognito through every corner 
of the empire to observe conditions, 
hear complaints and spy upon officials. 

At the apex of the pyramid stood 
the divine ruler, the Sapa Inca himself, 
directing the operations of the vast ad- 
ministrative machine with an authority 
not far from absolute. His subjects 
revered him as a god on earth, the son 
of the Sun, and approached his person 
only with uncovered feet and a sym- 
bolic burden on the shoulders. He wore 
clothing of the finest wool, dined only 
from vessels of gold and silver and 
never used the same garment or utensil 
a second time. Although provided with 
numerous concubines, he had but one 
legitimate wife, the Coya, who, at least 
in later times, was necessarily his own 
eldest sister. The first son of this union, 
if sufficiently capable, succeeded to the 
throne. One result of such a brother- 
sister marriage was that the monarch’s 
son was at the same time his nephew. 
This arrangement possessed manifest 
advantages in an empire where the 
patrilineal rule of succession prevailed 
in some regions and the matrilineal or 
uncle-nephew principle in others. The 
long line of Inca emperors reveals only 
one man of mediocre talents; all the rest 
displayed exceptional energy, resource- 
fulness, tolerance and magnanimity in the 
conduct of affairs. No dynasty with a 
higher average order of capacity has 
graced a throne in the whole of human 
history. 

The Inea tribe, whose conquests estab- 
lished and then extended the empire, 
became transformed with the passage 
of time into a dominant aristocratic 
class, the Incas proper or orejones— 
‘‘big ears’’—as the Spaniards called 
them from their characteristic practise 


of piercing the ears for an ornam 
plug and enlarging the hole 
lobes hung nearly to the 
The members of this class, 
the sovereign by ties of blood and 
mon interest, filled all the more respo: 
sible civil, military and ecclesiasti 
positions. When not on active duty i) 
the provinces, however, they resided 
Cuzco, the capital. 

A step beneath the Incas on the s 
scale stood the Curacas or provine 
nobility, from whose ranks came mos' 
of the lesser officials, the heads of cen- 
turies, phratries and tribes. In accord. 
ance with the cardinal Incaic princi, 
of altering local institutions as little 
possible, the chieftains of vanquish 
peoples were fitted into posts in 
administrative hierarchy commensurat 
with their former positions, being 
moved only if they displayed irreco: 
cilable hostility. The sovereign sought 
to win them over to active support 
the imperial system by exemptions fro. 
local restraints, by generous gifts 
property, servants and wives, and by 
grants of Inecaic privileges in reward 
for faithful service. He further secured 
their fidelity by requiring their sons t 
reside at Cuzco—not only to serve as 
hostages but also to receive an Inca’s 
education and thereby become imbued 
with the culture and attitude of the 
ruling class. By measures 
these the Curacas were gradually as 
similated to the Incas, and the line 
cleavage between conquerors and con- 
quered was largely erased. 

Between nobles and commoners, 
the other hand, the line of demarca- 
tion grew correspondingly sharper and 
more rigid. The great mass of common 
people by their economic activities 
mainly agricultural and pastoral—not 
only maintained themselves but 
produced a surplus sufficient to supp 
the classes which rendered only intan- 
gible services to the state: the officials 


until 
should 
bound 


such 














‘bles and priests. Such a_ surplus 
was assured, in part, by a body of 
sumptuary laws regulating and rigidly 
restricting the standard of living of the 
masses. They could not eat the choicer 
food delicacies or drink the more intoxi- 
eating beverages. They were forbidden 
to wear garments of fine wool or orna- 
ments of gold, silver or precious stones. 
And they had no share in such preroga- 
tives of the Incas and Curacas as the 
ight to hold landed estates, receive an 
education, and practise polygamy. 

The industrial life of the clan and vil- 
lage remained comparatively unchanged 
inder the Inca régime. The conquering 
tribe divided all the cultivated land of 
the empire into three parts. The first 
and much the smallest portion belonged 
to the cult and was concentrated in the 
vicinity of the temples which its prod- 
uce supported. The second portion, 
the property of the crown or state, con- 
sisted mainly of waste regions reclaimed 
for agriculture by the irrigation and 
other engineering projects of the con- 
querors. A small fraction of the state 
domain fell, through gifts from the sov- 
ereign for outstanding services, into the 
hands of individual nobles, sometimes 
as estates held for life only and some- 
times as hereditary but inalienable and 
indivisible private property. The third 
and largest portion of the tilled land 
belonged to the centuries, which the 
conquering Incas were careful not to 
dispossess of their old clan holdings. 
Each century likewise owned commu- 
nally its stretch of pasture and wood- 
land, although the more extensive for- 
ests and grazing grounds were state 
property. 

The arable land of the century was 
divided into strips of equal size, called 
fupus, each just large enough to sup- 
port a married but childless couple. 
Some were tilled in common for the 
maintenance of the aged and incapaci- 
tated; the rest were allotted annually, 








THE ORGANIZATION OF 








INCA SOCIETY 





under the direction of the centurion, 

the heads of families, each of whom re 
ceived one tupu for himself and wife, 
an additional strip for each male child 
and half a strip for each daughter 


On marrying, a son took over one f 


from his father, but a daughter’s share 
reverted to the common fund. Each 
family cultivated its own plot and en 
joyed undisputed possession of every 
thing it raised. Hence the economic 
organization of the century was not 
strictly speaking, socialistic or commu 
nistic, as some authorities have main 
tained. On the contrary, it followed 
the familiar pattern of agrarian collec 
tivism, typified, for instance, by tl 
Russian mir. 

The agrarian community, however 
became the basis of a truly socialistic 
superstructure. Instead of allowing 
free rein to personal interest and com 
petition to achieve an automatic equi 
librium of economie forces, the Incas 
substituted a rationally planned econ 
omy in which demand and supply were 
artificially regulated. The sumptuary 
laws stabilized and limited the demand 
while the supply was cared for by a na 
tionalized system of production super 
imposed upon the clan economy. 

The first task was the support of the 


economically unproductive classes—the 


administrative hierarchy, the nobility 
and the priesthood. This was not ac 
complished, as we might expect, through 


i 


taxation. Only in a few very excep 


tional cases did the state impose levie 
in goods upon its subjects. On the cor 
trary, it followed the principle of th 
corvée, namely, that tribute should take 
the form of personal services. Every 


able-bodied householder or puree, besides 


cultivating his own plot ol ground te 
support his family and cooperating w 
his clansmen in tilling the undistributed 
lands of the century to provide for 


less fortunate members, was expect 


devote a portion of his time and labor to 
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the service of the state. This contribu- 
tion took the form, primarily, of labor 
on the lands of the crown and the eult. 
The men, while at work, were fed, enter- 
tained, and provided with seed and other 
necessities at public expense. The prod- 
ucts contributed to the support of the 
official and ecclesiastical hierarchies. 
The pastoral economy paralleled the 
agricultural. In the 
puric possessed a pair or two of llamas 


highlands each 
and had the right to use their wool and 
to kill their offspring for food. Small 
herds were owned communally by the 
centuries and privately by the Curacas. 
The crown and the cult, however, pos- 
and 
their 


enormous herds of llamas 


The 


labor obligation to the state, took turns 


sessed 
alpacas. purics, as part of 
in tending these animals and performed 
assigned tasks at the periodic shearings 
The and 


meat, of course, flowed 


hides 
the 


and slaughters. wool, 


into ware- 
houses of the state. 

Although clansmen were privileged to 
secure small game on the woodland be- 
longing to the century, the hunting of 


the larger wild animals was a state 
monopoly. Once a year the governor 


assembled the purics of his province for 
a great communal drive on one of the 
national Surrounding a wide 
territory, the men advanced with a deaf- 
ening din, penning their quarry in an 
ever narrowing circle. All beasts of 
prey—pumas, bears, foxes, wildcats— 
they slew on sight with arrows, darts 
and In the ease of deer, they 
killed only a portion of the males, spar- 
ing all the does and best bucks lest the 
supply become depleted. The guanaco 
and vicufa, wild cousins of the llama, 
were captured alive with the bola—a 
rope weighted at the ends with stones. 
When thrown, this weapon wrapped 
itself around the legs of the animal, 
bringing it to the ground. The vic- 
tims were shorn and then released ex- 
cept for a certain proportion of the 


forests. 


clubs. 
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males selected for slaughter. The 
part of the meat 
remainder, together with the hides 


fleeces, belonged to the state 


ers feasted on 


nationalized 


gold by pai 


Mining, too, was 
Peruvians 


river gravels and 


obtained 
silver 


extracted 


copper ores in pits or short galle: 


Miners were drafted for a term « 
month a year and in this way pert 
their labor obligation to the state, 1 
of course, owned the product. 

An important part of the tribute 
gation of the purie consisted in lal 
the construction of public works 
soon aS a new province was conqui 
for example, a complete census 
land and 
monarch with 


for the 


population, resources 
taken; the 
laid plans 


needed 


his COU 
constructio 
roads, fortresses, irrigati nh SVs 


tems, etc.; and an army of engin 
and drafted laborers was put to 
Mountain were 


agriculture by 


reclaimed = 
them 

like 
were dra 


slopes 
terracing 
retaining walls 
Swamps 
brought to 


rows of stone 
gantic 
and water 
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steps. 

was arid | vit 
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the propert: str 
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could 
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Similar levies erected the Cyel 
fortresses, temples and palaces at Cu n 
and elsewhere. The architectural sk de 
of the Peruvians is attested by the f: ne 
that blocks of stone thousands of cu qu 
feet in dimension fitted to « ter 
other, without accurat nal 
that a knife blade could not be inser me 
between them. 

Drafted labor likewise built and ma ss 
tained the roads. Two main highways wa 
traversed the empire from north 
south, one along the coast, the other 
in the highlands. Numerous transverse i 
and secondary roads formed a giant a 
network converging on Cuzco. The 


were 
mortar, so 
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Ss eps 


yvavs ascended mountains by 


ut of solid rock. They spanned 


ms on stone culverts, rivers on 


n bridges, marshes 
marvelous 


on 


causewa: 


vorges on suspension 


i 


lges moored to masonry piers. 


three 


\t intervals of ev ‘ry two or 
es stood post houses, where two or 
‘ourlers were always in atten 
al When a runner from the next 
; ) approached, a fresh courier 
would run alongside to learn 1 mes 
sage or receive the burden and then 
wh off for the next post without 
slackening of pace. Every twelve t 
en miles along the roads stood an 
with accommodations for travelers 


cluster of twenty to fifty small 


wi ¢ 
ana a 


tancular storehouses stocked with 


clothing and arms. 


rigid decimal organization of so- 


The 

which appears so arbitrary at first 
ance, becomes comprehensible when we 
gard it as an adjustment to the system 


Oi 


the 


taxes, 


Peru 


tribute labor in lieu 


by 


wriiten language, 


king a 
ans were able to keep records and deal 
with large figures only with the aid of 


le guipu—a thick cord from which 


mao 
il 


a fringe of colored and knotted 


strings, the colors representing classes 


objects, the number and position of 


the knots denoting numerals. Since the 


pu lends itself to computation only 


n terms of decimals, the Ineas could 


c 


' "he 
aevise only one equitable way ol levy- 


ng drafts of labor, namely, by fixing a 
for a large group, assigning one 


to 


juota 
tenth of the ynstituent 


1.000 


each Cl 


quota 
Thus, if 


and so on 
men were needed from a particular tribe 
or a construction project, each phratry 
would have to furnish 100, each century 
If the units 


some 


ten, and each decury one. 

had varied é.g., if 
turies had had fifty purics while others 
had hundred, the 
would have contributed disproportion- 
ately and the tribute burden would have 


in size, cen- 


two smaller units 
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The acllacuna or so-called ‘‘ Virgins The acllacuna, working in the 
of the Sun’’ formed the second anoma- vents under the direction of e: 
lous class. Selected at the age of eight matrons, wove the fine fabrics of vi 
or nine from overpopulous centuries, wool and supplied the ruler, the | 
they lived in convents under the super- officials, and the priests with their 
vision of matrons. Some, at the age of garments. In skill and technigq 
fourteen, took vows of chastity and be- the textile arts the ancient Peruy 
came priestesses. The majority, how- have had no equals, even among E 
ever, at the will of the emperor, became pean peoples. Their tapestries, for 
imperial concubines, married yanacuna, ample, in harmony of colors, fastness 
or were bestowed upon favored nobles dyes and perfection of technique, 
as secondary wives. The acllacuna, too, stated by experts to surpass the 
lost their clan membership, yet acquired Beauvais and Gobelin products. 
an enhanced social status. The collectivistic economy of the 

These special classes, though never or century provided automatically 
very large, nevertheless filled an impor- most of the needs of the masses 
tant place in the Inca economy. Besides superimposed régime of the state 
rendering personal service in palace and_ stricted popular consumption by su 
temple, they carried on the specialized tuary laws. It « 
arts and crafts. Except for them, a duction of manufactured goods throu 
division of labor in production, other the special classes of yanacuna 
than by sex, scarcely existed in Peru. 4cllacuna, and of raw materials thr 
Each clan, indeed each family, was the general requirement of labor on 
practically self-sufficient economically. lands, in the mines, and with the he: 
Every commoner was a Jack-of-all- belonging to the state. What marks 
trades, conversant with all save a few indelibly as socialistic, however, is 
luxury arts such as metal working and system of distribution. It achieved 
fine weaving, and it was these that were equilibrium of production and cons 
carried on by the classes in question. tion, not through the free interch: 

Yanacuna smiths worked with gold, of goods, but through state-super\ 
silver and copper. They understood periodic distributions of the sur 
how to make bronze by mixing copper production. 
and tin in the ore, and how to plate In this system the warehouses str 
one metal with another by hammering gically located in clusters along 
and by the use of mercury amalgams. highways played a vital part 
Perhaps nothing better reveals their them flowed a steady stream 0! 
skill and artistry than their ability to and finished products from the ©! 
fashion golden butterflies with wings and cult lands, the state herds, 
one tenth of a millimeter in thickness, mines, the organized game drives 
so light and so well balanced that when the specialized handicrafts. From 
thrown they soared like toy airplanes the state drew: (1) means of subs 
before falling. The precious metals and and luxuries for the ruling, official 
their products poured into Cuzco, which priestly classes, their servants a1 
was a veritable El Dorado. The temple artisans, (2) food and military 
of the Sun, for example, had a golden for armies on the march, (3) ra 
garden where trees and plants, fruits terials for manufacture into fi 
and flowers, birds and insects were all goods, (4) support for purics eng 
of gold, and where grazed a herd of in public work, (5) supplies to re 
golden llamas under a life-sized golden regions stricken with famine or ©! 
shepherd. failure, and (6) consumption goods 


issured a surplus 
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. masses in all cases where the latter 
Since the 
food 
ficient to support the entire popula- 


| not supply themselves. 


houses contained reserves of 
for several years, and correspond- 
other the 
insurance 


quantities of articles, 
provided 
gainst privation. The supervisors made 
riodie reports, which tabu- 

d and preserved in the archives at 
Cuzco. Thus the 
new the exact status and 


stem 


adequate 
were 
authorities always 
location of 
could order their 
transfer by porter or llama train from 
well-stocked with a 
The people received distribu- 


e reserves, and 


regions to those 
shortage. 
tions of staples, such as meat, wool, 
itton, seeds and tools, periodically, and 
of other articles whenever the statistics 
revealed a surplus above necessary re- 
Distributions, like 
place by successive allotments to tribe, 


serves. levies, took 
phratry, century, etce.; each family thus 
received the same as its neighbor, irre- 
Under 
life pursued an 
even course undisturbed by the boom 


spective of its individual needs. 
this system economic 
result 
from leaving the adjustment of produc- 
tion and 


periods and depressions which 
consumption to automatic 
lorees. 

Travel and transportation were pub- 
No the 


except couriers, officials, soldiers, colo- 


lic funetions. one used roads 


nists, authorized pilgrims and porters. 
To be sure, the state carried on a heavy 
in the 


products, but 


interchange of regional 
private trade was con- 
fined within very narrow limits. At 
‘al markets, held thrice a month, 
families exchanged—by barter, for there 
was no money—the surplus products of 
fields and 
‘eived from the state. 
served principally to 
equalities resulting 


unneeded articles re- 
These 


adjust 


their 
markets 
the in- 


from the rule-of- 
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thumb system of distribution. T 
ited 
sumptuary laws and the state’s parti 


‘ange of private property, t! 


pation in the circulation of goods effec 
tually 
trade on a broader basis. 


prevented the development 
Even foreign 
trade, as in Soviet Russia, was a govern 
ment monopoly. 


} 


idealized by 


Inea socialism, absurdly 
some writers and as unjustly dismissed 
as a fiction by others, emerges from a 
survey of the facts, not as the product 
of a Utopian dream, but as a natural 
adaptation to a special set of conditions 
To the 
position and luxury; to the conquered 


conquerors it assured power 


economic security, the essential 
vation of local 
ably an enhanced standard of 
Pragmatic rather 


preser 
institutions, and prob 
living 
dogmatic, if 
extirpat 


than 


sought, for example, not to 
commerce and private property on prin 
ciple but rather to limit them on prac 
tical grounds. Socialism, linked wit 
democracy in Marxian theory, was co 
Peru 


The Inea system exerte 


sistent in with monarchy 
aristocracy. 
influence, 
standard of living 
pire. But if it thus realized the 

of equality, it was equality only wit! 
a given class. It 
the individual to the state, regime 
and controlled 


death and left 


leveling 


creating a uni 


throughout the 


social subordinat 


his life fr 
little scope 


initiative and ; tion. On 


Ait 


in 
hand, it achieved an exception: 


of law and order, it prevented tl 


of natural resources and it 
entirely the hazards of 
voluntary unemployment. 
displayed many but not 


W hich st ‘ialism 


but no 


tues for 


alted and many 
with which it 
We should not for: 


was a working sys 


fects 





WHERE IS PHYSICS GOING? 


By Professor R. 


LABORATORY, 


PHYSICAL 
EVERY one is interested in the newest 
trends of contemporary physics, and on 
all sides one notes a feeling of wonder at 
just what is going to happen next. It 
will doubtless be considered presump- 
tuous on the part of any one to attempt 
an estimate of the probable direction of 
physical progress during the years im- 
mediately ahead. Indeed it would be 
possible to take the attitude that the 
attempt 
justification the dictum of the celebrated 
writer who said: ‘‘Going there is more 
important than getting there and to 
hopefully is better than to ar- 
rive.’’ There in which the 
zest and fun of doing things scientific 


is meaningless. and to use as 


travel 
is a sense 
outweigh consideration of the aim and 
ultimate goal of these activities. Con- 
temporary writers never tire of pointing 
out the of 
scientists in their search for knowledge 


essential disinterestedness 
for its own sake and the danger of any 
attempt to force scientific research into 
any specific channel. Nevertheless, a 
study of the history of science and phys- 
ics in particular reveals the existence of 
certain methods of attack on physical 
problems which persisted through rela- 
tively long periods, finally to be sup- 
seemed to be more 
Consequently, there 


planted by what 
promising schemes. 
can not fail to be interest nowadays in 
the question: What is likely on the basis 
of present evidence to be the general 
fashion in physical theories in the im- 
mediate future? It is with this question 
that we wish to concern ourselves in this 
paper. 

In the first place, what is the task of 
physics? Reduced to simplest terms it 
is the description of a certain portion of 


human experience. This description is 
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earried through by the building 
physical theories forming the bas 
what may be called the physical y 
a world constructed in the mind 
physicist, but which he tries to mal 
respond as closely as possible t 
Physical tl] 


world of experience. 


are of many types, corresponding t 
f phenomena, but the 


both 


diversity 0 
aim dictated 
nomical reasons is to 
ber to the smallest possible. 


estheti > 


reduc 


by 


A 


of physies during the immediat 
shows a tendency to emphasize tw 
of 
names 


theories which have r 
mechanical 


A mechanical the 


types 
the 
and statistical. 


or dyt al 


a set of physical phenomena is ba 
the assumption that the thing w! 
the physical world corresponds to 
phenomena in question is a mechan 


system, i.e., essentially a system 


particles moving in space and time in 
cordance with the principles of ec! 


mechanics. The details of such at 


require no consideration here. 


ever, there are two very signif 


properties of the method of physical 

involved in mechani 
The first is that of determin 
By detert 


scription a 
theory. 
the second reversibility. 
ism is meant simply the fact that 
state of a mechanical system is k 
at any instant its state is complet 
determined for all time, past or fut 
Thus the knowledge of the state « 

a system at any one time enables o: 
predict what it will be at any other tu 
This property of determinism or pr: 
ability is of course in agreement with t 
doctrine of causality and has 
past been considered one of the str 
in favor of mechani 


est points 
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During the last century this this method much valuable description 
1 was pursued with relatively of the behavior of gases has been made 


it success, as may be seen from the possible in good agreement with experi 
na ical theories of fluids, acoustics, mental facts It w uuld be quite wrong 
theory 


aoe 


ical currents, optics, ete. The im- to suppose that such a 
tion of reversibility is that there is predict new phenomena; we m 


preferred direction of change in- emphasize that its prediction always re 


ved in a mechanical system. The fers to average behavior and 


ions of classical mechanics do not fore its assertions have « 
nguish between the positive and degree of 
tive directions along the time axis. speaking, the second law of thermody 
a suitable change in conditions a namics, for example, describes the be 
hanical system may traverse its avior of ysical systems only with a 
th backward. A ball rolling down an more or less hig legree of probability, 
‘lined plane will, if the opportunity is never with certainty. Moreover, by vir 
roll up again and to the extent tue of its use of probability the statis 
it constitutes a dynamical system tical method involves the possibility 
roll up to a height equal to that of describing irreversible phenomena 
which it originally fell. The Hence it stands in shar to t 


] 
] 


tual experiment does not have quite method of classical mechanics 


} 
t 
il 


is result, that is, the ball does not re- A question which is provoking consid 


verse itself exactly: we have to admit erable discussion among physicists at the 
at its behavior is not quite reversible. present moment is: Which of these two 
fact, observation shows that the types of theories is to prevail ultimately 
enomena of nature are always more in the construction of the physical 
r less irreversible, and this might have world? The reason for this eager inter 
mstituted a very serious objection to est is to be foun f e 1 e rapid 
e use of mechanical theories for their development of the newer theories of 
escription were it not for the fact that the structure of matter based on the 
1a great many cases the irreversibility quantum concept n the previous cen 
be neglected in comparison with tury the choice between mechanical and 
ore important aspects of the phe- statistical theories was largely decided 
by the criterion of convenience. When 


mena. 


The second important type of physica ever the problem was 
theme Wimesier. the sfetielical, ia charec- the behavior of a system with a large 
r decree < of freedom 


erized by its renunciation of the con- number of 
pt of determinism and its emphasis on taining a great many 


one ol des ‘ribing 


entities) the 
the average behavior of physical systems. tistical method at once suggested itself 
The kinetie theory of gases, for example, as the natural approac!l There was, 
s a statistical theory in that it makes however, no suggestion that tf 
no attempt to follow the destiny of each application of classical mechanical con 


individual molecule of a gas, i.e., to cepts to such a problem was wrong in 


} 
ne strict 


predict exactly what its position, veloe- principle. This situation has been 
ty, energy will be at any given instant; radically altered by the introduction of 
rather it seeks merely to know how many quantum mechanics. If the latter is ex 
molecules on the average will lie in a_ pressed in terms of our usual space and 
‘hosen volume, how many molecules on time concepts, it involves the necessity 
the average have their velocities in- as a matter of principle of treating sta 
cluded within certain limits, ete. By _ tistically the behavior of even a single 
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Through the famous _ inde- 
terminacy principle of Heisenberg it re- 
nounces the possibility of predicting the 
state of an electron or system of elec- 
trons at instant and our 
knowledge of such states to probabilities 
only. This amounts to indeterminism 
in the microscopic realm of atomic phys- 
ics and therefore a fortiori logically to 
indeterminism in all physical phenom- 
ena. At any rate to many physicists 
there seems no way of escaping this con- 
clusion. It has naturally excited much 
interest among all those to whom the 
progress of science is a matter of mo- 
ment, for it appears to mark a decided 
trend away from the point of view of 
that classical mechanies to the use of 
which so much past progress has been 
due. 

The conelusion just mentioned, how- 
ever, has by no means gone unchallenged 
and it will be worth while to examine 
the views of some of those who are in- 
clined to look at the situation more con- 
servatively. Foremost among these is 
Max Planck, himself the propounder of 
the quantum theory which has had so 
much to do with the development of the 
new tendencies. He emphasizes the view 
that in any discussion of the methods 
of physics one must be careful to dis- 
tinguish between the world of experi- 
ence (viz., the world of laboratory oper- 
ations, ete.) and the physical world 
which is created by the mind of the 
physicist to describe the former. No 
one can believe in exact determinism in 
the former, for, in spite of the approxi- 
mate regularity of experience, not even 
the most delicate of physical experi- 
ments are exactly predictable in their 
results. Nowithstanding this, physicists 
have not hesitated to the idea of 
causality or determinism in the physi- 
cal world and in general, we must all 
realize, with considerable success. The 


electron. 


any reduces 


use 


indeterminacy comes merely with the 
transition from the physical world to 
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that of experience. In similar 
one might argue that it should | 
sible to construct a quantum mec! 
theory which is completely detern 
and which moreover leads to laws 
are found to describe experience 
atomic realm with as great accur 
that with which the laws of ¢!| 
mechanies describe 


t_ 


large-scale p 
phenomena. Now as a matter « 
this is admitted to be true as long 
primitive concepts of space and tir 
pear nowhere in the theory or 
application. It is clear that it is t 
of these ideas which leads to the n 
determinism. ren 
these implies, for example, that 
really meaningless in physics to cont 
plate the simultaneous measureme 
the position and velocity of an el 
and in general that the space and 
concepts which we use in macrose 
physies are wholly inadequate to | 
microseopic phenomena. 
a difficulty about this view whi 
shall examine a little later. Int 
more metaphysical aspects of Pla 
views it is probably unwise to ent: 
at any length. But it is felt tha 
cists will be mildly interested in |] 
speculation about an ideal mind 
is sufficiently objective with resp 
our world that it is able to pred 
phenomena, thus transcending 
man, who, being himself a part of 1 


Foregoing or 


There is i 


T 


»? 





is never able to achieve complete 
tivity in his study of it. 

The attitude of Schroding 
creator of the wave mechanies whi 
proved such a powerful weapon 
theoretical 
is of course also of 
While probably less conservatir 
Planck he is plainly cautious in 
phasis on the truism that no « 


attack on atomic pr 


i 


ereat signifi 


prove that a deterministic theory 


nT 
Lilia 


physical phenomena is not ult 
possible. To be sure this is rath« 


comfort to those who feel that they 
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WHERE 


condition 
attitude 


nted by an_ existing 


demands a clear-cut 


a than one of vacillation. How- 
q Scehrédinger strengthens his thesis 
hy ealling attention to the fact that 


en in classical mechanics there exists 
element of indeterminism which has 
removed by appropriate devices. 
we know 


We recall, for example, that if 
the position of a particle at a 

en instant the laws of mechanies do 
not suffice to predict its position at any 
other instant; in fact, the latter is unde- 
termined. In order to make it determi- 
nate it is, of course, necessary to specify 


merely 


he velocity as well as the position at the 


viven instant. It is only when this is 
done that the past and future states of 
the particle are predicted. Instead of 
the velocity one may use the position at 
two separate instants. If the latter are 
close together we are of course led to 
the concept of velocity in differential 
notation. Determinism in mechanics 
thus results for the use of the appro- 
priate number of initial or boundary 
‘onditions’ as well as from the nature 

the laws which are employed. The 
thought occurs that a similar situation 
may exist in quantum mechanics: that 
were to introduce a sufficient 
number of parameters the indetermin- 
ism involved would disappear. No one 
appears to have considered this possi- 


if we 


bility seriously, possibly because the 
fixation of boundary conditions (no 
matter what their number may be) 


implies measurement, and the indeter- 
minacy principle of quantum mechan- 
ies denies the possibility of a simulta- 
measurement of the quantities 
necessary for a specification of the con- 
ditions. This is equivalent to saying 
that any attempt to localize the electron, 
or any particle for that matter, involves 
a renunciation of knowledge of its sub- 


neous 


1See R. B. Lindsay, ‘‘The Significance of 
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boundary Conditions in Physics,’’ 
MONTHLY, Vol. 29, 469, 1929. 
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sequent path. Let us examine a littl 
more closely the corresponding situation 
in classical mechanies. The very con 


eept of a particle as having a 


in a given reference system at every in 
SSesses in its 


Now 


perimental observation is ever competent 


stant implies that it p 


motion a continuous path. no e@Xx- 
to determine such a path, for no such 
observation can ever h anything 
but a finite, 


Strictly speaking, in so far as a physica 


ype TO fix 
diserete set of points 


law purports to be a description of 
laboratory operations and observations, 
the functions used should for this reason 
be discontinuous. 
method of 


classical physics, we avoid what would 


However, in the 
description employed by 
undue complexity by 
the 


tions into continuous ones, 7.¢., we draw 


considered 
smoothing out 


be 
discontinuous fune 
smooth curves through discrete points 
by a process of judicious interpolation. 
This is not the place for a thorough in- 
vestigation of the justification of this 


scheme, which indeed might strike the 
easual non-scientific observer as being 
rather gratuitous, not to say risky. We 


may merely remark that in general the 
physicist feels he is safe in making the 
interpolation in question if there exists 
an operation or set of operations by 
which he can at any rate in principle 
check any particular interpolated value 
To make this point a little clearer, let 
us imagine the special case of the path 
of a projectile. We suppose that there 
exists an experimental scheme for plot 
ting the position of the projectile at 
various instants time. A 
curve is drawn the 
positions and is called the path of the 
For we feel that our method 
would allow us to ascertain the position 
at any other finite discrete set of time 
instants and hence to the 
drawn on the basis of the first set. 


smooth 


ot 
through various 


projectile. 


check curve 
Of 
course, we must also make the assump 


tion that it is very unlikely that the new 
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set of positions will fall very far away 
from the curve. If we were to encounter 
a situation in which there no longer ex- 
isted such a means of checking the in- 
terpolation, we might be wiser not to 
attach much value to the smoothed-out 
curve and function. Now it is possible 
to take the stand that this is precisely 
the situation we encounter in atomic 
problems. We indeed have experi- 
mental devices which make possible the 
photography of so-called ‘‘tracks’’ of 
atomic particles, but it must not be for- 
gotten that we have not that measure of 
control over such experiments which 
makes possible the verification of the 
interpolation involved in the pictures of 
such tracks. The situation is even more 
‘motion’”’ 


hopeless when we consider the 
of bound atomic particles like electrons 
in an atom. There would appear to 
exist no operation by which such ‘‘mo- 
tion’’ can be experimentally observed. 
The conclusion which some would like to 
draw from all this is that there is then 
no meaning to be attached to such mo- 
tion or to the paths of such electrons; 
hence atomic theory should not involve 
such considerations at all. This attitude 
was to a considerable extent responsi- 
ble for the introduction of the new 
quantum mechanics (Heisenberg) in 
1925. Obviously, it would tend to make 
the application of the indeterminacy 
principle to atomic motions illusory and 
would leave the way open to a determin- 
istic theory in which atomic paths and 
motions have no place. _The possibility 
of this view-point has already been in- 
dicated above in our discussion of 
Planck’s view. 

At this very point, however, we en- 
counter a grave difficulty which has been 
emphasized by Niels Bohr, the founder 
of the quantum theory of atomic strue- 
ture, whose work is responsible for the 
whole of contemporary atomic mechanics 
and who has probably thought more 
deeply about the methodology of modern 


physics than any other man 
attitude is an interesting mixture 
conservative and the radical. It 
servative in the sense that it is f 
on the conviction that physicists ar 
able to get away from thinking i: 
of space and time since all experi 
are carried out with these cat: 
uppermost in mind. On the other 
Bohr believes quite thoroughly t 
are forced to renounce a unified 
view of nature. This renunciat 
involved in what Bohr ealls the 
ple of ‘‘complementarity,’’ whi 
presses the hypothesis that we n 
our analysis of nature necessar 
counter mutually exclusive modes 
seription which may therefore | 
to stand with respect to each ot! 
complementary relationship. It 1 
stressed that there is invol\ 
something deeper than mere alti 
theories, either one of which may | 
plied indifferently according as \ 

to stress now one and now another : 
of the situation. Such theories |} 
course long been recognized: 

ple, so far as the phenomena of ¢ 
etry are concerned it is a matter 
difference whether we use the ft 
which looks upon heat as a substa: 
that which considers it a form of ene 
again, so far as the large-scale p 
ena of electrostatics are concerned, \ 
may employ indifferently the the 
which looks upon electricity as a 
tinuous fluid or the electron (atomist 
theory. The natural aim of physics is t 
remove theories from the indiffe 
class by imposing more stringent 


quirements on them. Thus, to consider 


again the heat illustration, it is we 
known that the energetical theory 
heat is much more competent to des 
the whole range of observed therma 
phenomena than the substantial theor 
Hence from the larger point of view 
is no longer a matter of indiffere: 
which theory is held. We are present 
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ity idea in contemporary physics. 
the latter 
one or two examples. It 


for purpose of 


wholly 


his digression 
the 
| place occupied by 


and 
comple- 


} 7Ine 
asiZitix 


significance of may be 
clear by 
now well known that in the descrip- 
optical phenomena all observa 

ns having to do with the propagation 


light are best described in terms of 
theory. while all observations 
the 


are 


wave 


rption of 


emission and ab 


handled by 


with 
light 

ns of the quantum theory, 
luced the 


w-point. No one has ever succeeded 


best 
which has 
atomistic 


into optics 


representing all the phenomena of 


ht by means of either theory, and 


e point of 


view of Bol r is that there 


an essential limitation in human 
ethods of describing experience which 
events the building of a single unified 
“ory of light. If we wish, for example, 

the interference 
formed licht 


riven source passes through two open- 


describe patterns 


which are when from a 
falls on an 
the 


heory. If, for example, we were to at- 


and then 


must 


nes In a sereen 


use wave 


ther screen, we 


tempt to account for the patterns from 
the light quantum or photon point of 
view we should have to say that more 
photons fell on one part of the screen 
than on another part. This 
turn involve tracing the paths of such 
But the attempt to do this 
experimentally only leads to the com- 


would in 
photons. 


plete obliteration of the interference pat- 
tern or the very thing which is to be de- 
scribed. It is true that many attempts 
have been made to discuss light propa- 
gation in terms of photons. It must be 
admitted that so far they have not been 
successful. Bohr’s thesis is that in the 
very nature of things they never can be 
successful, for the wave description and 
the particle description are mutually 
exclusive, complementary methods: the 
use of one automatically excludes the 
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State concept 
meaning. 
should be possible 
exactly the amount 
is produced by tl! 
ments. Strictly speak 
sible only if the in 
can be included in 
case, the atom) bein 
the 


strument is to yield 


whole purpose lr a measuring in 
information about 
objective to and 
Hence it 


the observed 


something 
from itself. 
eluded in 


separate 
ean not be in 
system without 
losing the objectivity which is the es 
sential feature of scientific description 
We therefore reach the conelusion that 
the 


tionary atomic states is complementary 


quantum theory concept of sta 
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to a space-time description of atomic 
behavior. Each mutually excludes the 
other. 

The idea of complementarity may be 
made somewhat clearer by a simple ex- 
perimental analogy. Imagine a rectan- 
gular box divided into two equal com- 
partments with a single die in each part. 
The box has a glass top, but there is 
further an opaque cover which can slide 
back and forth concealing entirely one 
compartment from view while the other 
is exposed. The sliding of the cover is 
so arranged that when it takes place an 
impulse is communicated to the dice 
which is equivalent to shaking them.? 
Now when the slide covers one com- 
partment an observer can note the as- 
pect of the die in the other compart- 
ment. This is, so to speak, equivalent 
to a measurement. In order to conduct 
the associated measurement of observing 
the aspect of the other die, the cover 
slide must be moved over so as to leave 
the corresponding compartment visible. 
But the process of doing this creates 
a disturbance so that when the aspect of 
the second die is noted, the observer no 
longer knows which face of the first die 
is uppermost. We may say that his 
knowledge of the aspect of the one is 
complementary to his knowledge of the 
aspect of the other. Any attempt to note 
both exactly is doomed to failure: he can 
at best estimate the probability of any 
pair of associated readings. If he 
wishes to know exactly the aspect of the 
one he must renounce exact knowledge 
of that of the other at the same time. 
It is important to realize that the reason 
for this complementarity is precisely the 
disturbance involved in the measure- 
ment and the impossibility of estimating 
the magnitude of this disturbance. To 
be sure, an observer who understood 


2A box of this nature was on exhibition in 
the Danish Room of the Hall of Science dur- 
ing the Chicago Century of Progress Exposition, 
1933. 





thoroughly the construction of t] 

and knew the exact relationship bet 

the impulse communicated to tl 

and the motion of the slide might be ¢ 

enabled to predict the precise 

of each die for every observation 

even then, since he can never se 

dice simultaneously, he could never 

exactly sure that his theoretical pri 

tion was true and indeed could 

verify it except by making an 
**measurement,’’ which would agair 

troduce the necessity for a further 

culation, the verification of which w 

necessitate still another measurer 

and so on indefinitely. Bohr insists t 

this is quite analogous to the 

situation existing in physical dese 

tion. Every attempt to account 

retically for the disturbance introdu juant 
by a given measurement involves anotly f the 
measurement for its verification: one were 
therefore led to an infinite series prine) 
observations before exactness can be sual 
tained. In large-scale physical obser\ measu 
tions the disturbances may be made s assum 
slight compared with the measured quant 
effects that they may be sufficiently a admit 
counted for and compensated wit! plied 
what we call the limits of experiment the ql 
error. Hence in this realm we do scribe 
feel any drastic need of the compl be in 
mentarity idea. But the situation 1s there 
different in the microscopic domain leseri 
atomic measurements, for here the dis that 
turbances introduced by the measu Hum: 
ment are of the same order of magi point 
tude as the quantities being obser\ histor 
Here then the essential limitation o! idolat 
descriptive ability makes itself most theor 
keenly felt. Bohr’s conviction of tlu succes 
limitation as leading to an inevital 
renunciation of a complete understa! 
ing of physical phenomena in terms 
both space-time concepts and causa! ex 
planation has led him to the interesting 
extrapolation that for similar reaso! 
we must renounce a complete under 
standing of life and accept it as an ei 


not 
a fu 
abilit: 
Trom 


WHERE IS 


itary fact. All our attempts to learn 
at life is involve disturbance to living 
esses Which enable the living organ- 
to econeeal from us the information 
seek 
Such then is the extremely interesting 
ttitude of Bohr! 
neerned it is supported by such a 
wealth of illustrations as to 
ausibility plain. At the 
ere are doubtless some who will look 


In so far as physics is 


make its 
same time 
non it as the expression of a kind of 
‘defeatism ’”’ Does it not 
perhaps confess human limitations too 
If accepted whole heartedly 


psychology. 


eadily ? 
might it not color in too pessimistic 
fashion the immediate future of physics? 
We realize, of course, that the comple- 
mentarity idea is based wholly on the 
quantum theory, «.e., on the existence 
f the quantum of action, ‘‘h.’’ If it 
were not for the atomicity of action the 
principle would imply no more than our 
sual admission of error common to all 
measurement. But it is precisely the 
assumption of the existence of a smallest 
quantity of action which forees us to 
admit the fundamental limitation im- 
plied in the principle. Now, of course, 
the quantum theory was invented to de- 
scribe certain phenomena. There can 
be in the nature of things no proof that 
there exists no other possible theoretical 
description of these phenomena than 
that involving the quantum of action. 
Human ingenuity may yet invent a new 
point of view, and the reading of the 
history of physics does not encourage 
idolatrous worship of current physical 
matter how temporarily 
successful they may appear to be. Does 
t not then seem rather hasty to infer 
a fundamental limitation of human 
ability to describe natural phenomena 
from the suecess of a single physical 


; 


theories, no 


cory? Some may prefer to believe 
that such a deduction from a physical 
theory casts extra suspicion on the latter 
rather than strengthening our belief in 


PHYSICS GOING 


the former. The quantum theor 


heen SO ful 


very SUCCeSSLULI. howe ve 


the burden of proof probably 


those who would oppose it, no 
like t 
embarrassing ‘‘h’’ out 


Another important point in 


how strongly they would 


tal 
tanen 


of the complemet larity idea 

’ 
In PHhVSICS 
but 


muen 


which space and time play 
About this much has 
it seems certain that there 
left to argue about. It is difficult to be 


lieve that the primitive space and time 


been written. 


is still 


notions in terms of which physical 


operations are carried out and phys 
description is made have reached their 


We are forced 


has evolved, 


final form. to eonelude 
that if man 


orientation 


his space-time 


has also gone through an 
evolutionary process and there seems no 
suppose that this 
Indeed 


space and time have already in relatively 


reason to 


process LS 


now complete. our views of 


recent time undergone considerable 


use is 
concerned in of the 
theory of relativity with its introduction 


change as far as their scientific 
the development 


of non-euclidian space and four dimen 
One may remark that 
little 


concepts 


sional space-time 
influence 
But 


point The 


these matters may have 


on people’s primitive 
that is not the important 


for the sake o 


; 


significant thing is that 
progress in physics it has already been 
considered desirable to modify and re 
Hence there 
ean be no artificial limit imposed on this 
the 


fine the primitive ideas 


process. As an illustration present 
author would like seriously to 
the ultimate the 


the concept of time in physics 


propose 
use Ol 
When it 


is considered that in phy sies time enters 


elimination of 


only as a variable parameter whose 


values may be put into one-to-one cor 


respondence with the points on a lin 


1.€., a non-denumerable continuum, and 
is introduced merely for the more con 
venient comparison of physical systems, 
that 


and when it is further considered 
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all time measurement reduces essentially 


to space measurement using arbitrary 


physical systems (7.e., various kinds of 


clocks) the interesting question arises 
whether ultimately one might not avoid 
some of the embarrassments of contem 
porary physics by abandoning the pa 
favor of direct 
This is, 

. 


to be sure, not the place lor a complete 


rameter altogether in 


comparison of physical 


Systems 
airing of this view. It is merely a con 
crete suggestion as to how our use of 
space and time in physics may alter and 
in such a way as to remove the necessity 
for such a principle as that of comple- 
mentarity, by removing the very con- 
which the 
complementarity is expressed. 


idea of 
Such a 
step would probably make physics more 
‘*difficult.’’ But that 
be the ease with the introduction of al- 


cepts in terms of 


has been said to 


most physical theory involving a 


The argument that 


every 
conceptual change. 
a physical theory shall be simple has 
All we can ask is that 
it shall yield a set of laws (1.e., relations 
which, when the sym- 
identified, shall agree 

the lat- 
ter being ultimately nothing but pointer 


proved illusory. 


among symbols 
bols are pro] erly 


with experimental observations, 


readings. The aim of theoretical physics 


is to develop new laws which subsume 
existing experimental observations more 
completely and moreover predict new 
ones, so that there shall exist no labora- 
the 


readings for which are not predictable 


tory operation, resultant pointer- 
in advance. 

The point of view of complementarity 
strikes so deeply at the concept of de- 
terministic description that a thorough 
critique is hardly possible within the 
limits of an article like the present which 
confines itself to pointing out general 
trends. It is, however, rather tempting 
to consider briefly one more possible 
method of making progress in physics 


Up 


and overcoming present dilemmas. 





to this point in our discussion 
tacitly assumed, as is always 
theoretical reasoning in physics 
of Aristotelian logic, viz | 
of identity 


itself, which really expresses the 


everything is identi 


tion that definite concepts ar 
that has be 
tified in clear-cut fashion it ret 
2) the law of cont) 


thing ean not both be and n 


and once a thing 


identity ; ( 


the same object can not be b 
not-hard at the same time a 

soft and not-soft: (3) the law 
or the excluded middle, 
thing must eit 


as it 1s 
monly called—a 
not be, 2.e., an object must be eit 


] 
| 
‘ 


or not-hard, there is no third poss 
Of two assertions which really ¢ 
each other, one must of necessit 

In the third law it 
that the assertions must be e 
and not merely opposite Thus 


must be 


does not say that an object is nec 
hard or soft. All 
commonly understood ean be s 


logical thin] 


depend in the last analysis on t! 
ealled thought. In part 
all the symbolic reasoning in 


laws of 


matics which is used in the deve 
of physical theories has emp! y 
Until rat!) 
cently no mathematician or scient 


laws as fundamental. 


thought seriously of questionin 
Presumably logicians have for 
time realized that they form t 
only for a two-valued logic, that 
in which all propositions are eit! 
or not-true; putting it alter 
there are only two qualities 
with a proposition—afirmative doxi 
The 
logie in which propositions n 
other values than true or not-t! ever, 
and their properties 


studied.2 Among other thu 


existence of a man} cons) 


tive. 


POSSE 


established 
been 


3 See, for example, C. I. Lewis, 7) 
12: 481, 1932. 


WHERE IS PHYSICS GOING 

ns out that for a many-valued logic posa 
law of duality may cease to have logics be 
meaning. This might appear to further de 
only a transient theoretical inter , Zwie 
However, certain mathematicians‘ 
» tried to see what happens in mathe 
al reasoning when one excludes the 

duality. An example, given by formly quest 
wer, relates to the problem of the statements. ha 

of a number k expressing the have no ess‘ 


number of digits in the decimal repre- valued lk 


sentation of tm at which the sequence heen put into « 


0123456789 begins for the first time. It doybtedly sti 
not provable that such a number ex part of t] ose 
ts; it is not provable that such a num- yestricte 

ber does not exist. Presumably the only  jogie 

irse of action with respect to such an ample, 


example is to continue to carry out the ‘not-trur 


exnanslo ; j F f ’ rate co 66 
xpansion of m. It is at any rate B- wales ‘ten 
vable that the sequence will occur torminate.”’ 
somewhere and then the question would 


be answered. But until this result 


would then be no dilemma with respe 


to the propositi 
ventuates, the above econclusion ean : 
: ap , particle, the e 
hardly be avoided if we wish to say any icin a 
: io lo we Sno 
thing about the problem at all. Pos ‘bility that “ 
: é : ‘ SID [ lat l 
sibly some would be inclined to say that : ; 
oe : , the electron Is 
this is precisely what we ought to do, ' 
, “7 > 1 might seem to be at 
keep silent. But how shall we e iff ;, : ' 
. , of a difficulty which 
‘eact to the following paradox of Ber- | de ' 
. com : . considers 
trand Russell: There exists in a cer , ‘ : 
. . , aeseription 
tain village a certain barber who shaves ' aaaeay 
" ‘ » ot 
those and only those who do not ™ mad :, 
illustrat 
shave themselves. Question : Does he OFC ration 
three-valued logic 


change our attitude t 


shave himself? The answer is that he 
either does nor does not! As far as 
now apparently puz 


leave us more freedo) 


this village and this barber are con- 
erned the law of the excluded middle 
has no application. We may object that 
this village is a decidedly peculiar one, 
but the fact remains that it and its para- 
doxical barber are thinkable. Now such 
considerations might be considered to 
possess little value for physics. How- 
ever, it is a fact that recently® the pro- 


tion of new experime! 
tainly one might « 
attitude: the princi 
tarity viewed now 
limitation to phys 
actually be a result of 
two-valued logie in 
may disappear as an 

* Notably Brouwer, Zs. f. Mathematik, 154: 


TOOSs 
l, IYO. 


F, Zwicky, Phys. Rev., 43: 31, 1933: als 6H. Margenau, 
T. Bell, Phys. Rev., 43: 33, 1933. 1, No. 1, p. 118, 


principle as soon AS i 
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Naturally 


to how advantageous such a step would 


is adopted. the question as 
be in accelerating physical research and 
knowledge can only be answered by the 
reconstruction of theoretical 
using the mathematical analysis appro- 
priate to the more general logic and the 
application of it to the newer phenom- 
So far as the writer is aware, no 


physics, 


ena. 
serious attempt at this interesting prob- 


lem has been made. 

Most physicists will probably be in- 
clined to believe that the possibilities of 
Aristotelian two-valued logie have not 
yet been exhausted. The total amount 
of theoretical physical literature pub- 
lished sinee the development of classical 
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mechanics is relatively enormo) 

it is an interesting speculation t 

of how many ideas full of fertilit 
the developments to come may p 
lie buried in 
One need only ree 
completely Hamilton had 
the connection between particle n 


this mass of 
**archives. $ 


work 


and wave motion about a hundred 
ago—a work which was, so to spea 
ing in readiness for its later appli 
There will d 
less continue to be new things und 


in wave mechanics. 


sun in physics, but as always they 
continue to evolve out of the old 
the permutations and combinatio: 
which are almost numberless. 





MODERN SCIENCE, THE HOPE OF 
CIVILIZATION 


By Dr. M. LUCKIESH 


DIRECTOR, LIGHTING RESEARCH 


gazing at the night 


One is familiar 


[wo persons are 
studded with stars. 
the facts of astronomy; the other 
t. To the one, there is order in that 
ipparent To the other, the 


rry sky appears as a chaos. The one 


i 


disorder. 


ws that only a few thousand stars 
The other multiplies these 
Modern 
measure- 
order of that 
It can do the same 


visible. 
uncounted myriad. 
through systematic 


has brought 


to an 
science, 
ments, out 
nfusion of stars. 
r any apparent chaos of nature or of 
vilization, if its method and the result- 
¢ facts are adequately applied. 

In unprosperous times, the muddle of 


} 


world is conspicuous. 


The 
il 


Bi 


° ° . 
Sf ciologica i 


_ amid all the endless talk of causes 


and cures, how often is the simple ex- 
The cause of our 


planation presented ? 
of 
cure 


chaos is’ lack 
knowledge. If the 
bvious. The muddle of civilization has 
ilways existed, but modern science pos- 
the and method which 
should eliminate the chaos eventually. 
It has worked wonders in the relatively 
portion of civilized activities 
which it has already invaded. By look- 

at its material —air- 
planes, radios and the like 
to eonelude that this is a scientific age. 
But, looking at the sociological world as 


economic adequate 


SO, becomes 


SCSSCS 


purpose 


small 


achievements 
one is likely 


a whole, one must conclude that this is 
an unscientific world. While the physi- 
eal seiences are learning the secrets of 
atoms and stars, economists, politicians 
and governments are chipping flints in 
a Stone Age sociology. 

Every person interested in the great 
currents of civilized and in 
sociological institutions should be inter- 


progress 


LABORATORY, 


25 


GENERAI 


ested in the purpose 


! 
i 


ern science iext 


means an extensive 

essential if the ne 

tions are to be made 
On every hand are » applica 


tions of modern se which eontrib 
to convenience, comfort 
of You | 


many stories of specific achievements « 


lence 
and other 


living. ave heard and re 


learn 


t} 


will 
many add 
of but 


speak of modern science, not because 


scientific knowledge and 
of 


story 


you 


more. I could an 
[ shall 
if 
but because, 


and 


another 


SUCCESS, 
needs spokesmen for itself, 
in the of 
method, lies the hope of civilization 

Modern 
the 


unchallengeable 


extension its purpose 


vreat movement 
Its 
S To 


Its 


science ls a 
unknown 
It 
by knowing the truth 


against purpose 


LS 


aim understand 


method IS 


It 


of strategy which aims to establish the 


uniquely dependable is a new kind 


facts, unwarped by such human frailties 
as prejudice and egoism. The harvest of 
this movement tested 
therefore, 
Any of 


minor 


is and testable 
knowledge, incontestable 
knowledge. the major sciences 


or uncounted ones, 1s the coordi 
nation of facts in a sector of knowledge 

The success of modern sci 
found not mind but method 
Great minds are not a monopoly of 
Aristotle po 


} 
I 


ence 


is 
in in 
any 
single era of civilization. 
of the 


with 


ereat minds, but 


the 


sessed one 


accordance method of eat 

centuries, he philosophized; he did 1 

He believed to be true that 
For 
ple, he thought that if two balls of equal 
but of weight, 
dropped from the h 


experiment. 


which appeared to be true exam 
unequal 


height 


size, were 


a eavier 
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would reach the ground first. He 
preached what he believed but had not 
proved. For many centuries that state- 
ment was accepted as truth until Galileo 
tried the experiment. He dropped the 
two balls from the leaning tower of 
Pisa and they reached the ground at the 
same time. This was the real beginning 


of a systematic accumulation of tested 


knowledge. The movement of modern 


science is not without its speculations 
and theories. But these are tentative 
and are labeled so. They are accessories 
after the facts. They are temporary 
lines of communication to be modified as 
rapidly as new facts require. The facts 
always remain supreme in mod 
science. 

No idea or movement—not even a 
child—has a perfectly definite time or 
place of birth. Its ultimate beginning 
is somewhere in the mists of uncertainty. 
But everything has a practical begin- 
ning—a point where it began in earnest. 
So it is with modern science. 

In Europe the Middle Ages were dark 
indeed. Civilization was struggling in 
its usual confusion. War and religion 
were the two outstanding occupations. 
Eventually, religion celebrated its sur- 
vival with an intense fervor which built 
the great cathedrals. But, with all its 
vood intentions, men’s minds were more 
or less shackled by the dominance of 
man-made precepts, edicts and beliefs. 
Freedom in thought and action had 
feebly struggled for centuries. A dece- 
laration of independence in these mat- 
ters was awaiting the next great revolu- 
tion in civilization. It was a natural 
result of the great awakening which we 
term the Renaissance. Ridding their 
minds of the mists of centuries of philo- 
sophical dreaming, thinking men de- 
elared that nature could be understood 
and was worth understanding. 

Modern science is just as much a 
human movement in the midst of 
humanity as any other movement. It 


has the same right to a symbol 
shrine as other movements. Born 
late Renaissance, Galileo was the 
man, in the right place, at tl 
time. He was the first outstandi 
ponent of scientific method wher 
found the irresistible power of n 
science. By his achievements in t] 
and action he gave the first great 
petus to the movement which wi 
modern science—and he Ss) mboliz 
well. To pay him homage, let us 
port ourselves to Florence, Italy. H 
amid the tombs and statues, the pa 
and art galleries, our imagination 
vives the human struggles for f 
of expression in all its senses. Ws 
out a modest church and enter t! 
interior. The shadows, reminisce 
the glorious era of the Renaissance 
peopled with the spirits of great 
and we remember best the good 
After a few paces, we find ourse! 
a spot that preeminently deserves 
glorification of modern eivilization 
stand between the tombs of Michelar 
and Galileo. It is impressed upor 
that the city which gave the er 
gift to Art also gave the greatest 
Science. As we stand there with d 
ening reverence, we note that Mi 
angelo died the year that Galileo 
born. In our imagination we see 
failing hand of that superb creat 
the beautiful passing the scepter fr 
art to science. In our imaginatior 
hear Michelangelo saying: ‘‘The Re 
sance artists questioned the old 
created the new. They have show 
the world may be beautified su; 
cially. But knowledge alone can sup) 
the understanding which will reveal 
third dimension as well. And only | 
fect and complete understanding 
beautify the world’ through 
through.’’ 

The substance of that imaginary 
ment by the old Michelangelo to 
young Galileo should be the theme 





WHAT’S THE MATTER WITH WHEAT 


all who are a pi 
modern science. ught wel is without 
theme of life for every one, tor The 


tand is a high purpose “urther consists 


KnoOWi¢ 


iderstanding, born of 
dge 


‘rt 


biologic: 

dependable cure 

we—and this means 

individuals and of 

‘in imagination, al 
d persons 
ehurch 
purpose 
surmountal 
facts from the unlimited DV 
n confusion of prejudices, asser-  gomain is the b 


reconceptions, beliefs and even , 
nee ; this is express 


ons. 1h 
: lennyson. 
4] 4 1 : 
ern selence, With WS cold facts 
calculating method, is generally 
sed TO he devoid ot beauty and 
interest. This is not true. Any 
e is an array of cold lifeless de- 
ils; but so is any other structure, even 
human being. The parts of a huge 


Modern scie 


motive, when strewn on the floor of 
far-off goal, but 


factory, are uninteresting. But as- 


le the parts and put the locomotive toward it. 


WHAT’S THE MATTER WITH WHEAT? 


By Dr. C. G. WILLIAMS 


110 AGRICULTURAL EXPERIMENT 


WHEN matters go wrong in this coun- nately, 

from an agricultural standpoint, it Coolidge vet 

s pretty safe to ask, ‘‘ What is the mat- But wheat 
with wheat?’’ Wheat troubles are for long. Res] 
communicated to other agricultural have ironically 

lucts, and, when the farmer begins of supply and demand 

slip, other industries will not be far in price and ¢ 

hind. It will be recalled that when a year or tw 

ir Western congressmen thought that surpluses ap} 
itters were in a bad way for the and Messrs. M 


armer some ten years ago they brought forged to the 


rward the first McNary-Haugen Bill, only to be chee! 
‘+h was intended primarily to bring dent, as well 
ut a better price for wheat. Fortu- dent Hoover. 
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Matters drifted for a time, seemingly 
from bad to The country ap- 
peared to be in reverse, moving rapidly 
in the direction of the bottomless pit. It 


worse. 


seemed impossible for those in command 
to help matters. Realizing that 
thing had to be done and being given 
the opportunity for action in the na- 
tional election of 1932, the people of the 
United States seized it and removed the 
man at the wheel, somewhat violently, to 


some- 


be sure, and put another in his place. It 
is perhaps a little early to evaluate this 
action, but on the whole the people seem 
willing to try almost anything. 

With a newly elected Congress appar- 
ently anxious to give the administration 
a free hand in the solution of the na- 
tion’s problems, it was not long until the 
latter came forward with an agricultural 
program, and occupying a prominent 
place in this program was wheat. 

Why wheat? 

There are several reasons why wheat 
is a crop 
which is grown in state in the 
Union and in practically every country 
on the globe. We have quite authentic 
statistics from over fifty countries, but 
as yet none from the planets Venus and 


claimed early attention. It 


every 


Jupiter. 

Next to gold, wheat is perhaps our 
best measure of value. Many people 
have acquiesced in using wheat as a 
standard with which to measure or com- 
pare other commodities and are wont to 
say ‘‘as good as the wheat.’’ 

And wheat has some advantages over 
gold. It would be more desirable than 
gold, ‘‘yea, than much fine gold,’’ if one 
were shipwrecked on a desert island. 
Wheat bread is the all but universal 
staff of life. 

As has been intimated, more people in 
this country are interested in growing 
wheat than in any other crop. Probably 
more people look to wheat, not only as 
a source of food but as a source of cash 
with which to pay taxes and to purchase 
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the necessities of life, than to any 
one crop. 

Accordingly, wheat has got int 
The farmer is pl 
articulate than other fa 
Given a good price for wheat a 


tics. wheat 


more 


world will move forward with ver 
grumbling, but let wheat get 
dumps and there will be ‘‘ weepi: 
teeth.’’ Where teet 
lacking they will be furnished b 
Farmer’s National Holiday Associ 
Why is it that the price of wheat 
been lower in 1933 than at any ti 
There are sey 
One is that 


onashinge of 


more than a century? 
reasons why this is so. 
whole world has been enveloped 
great financial depression and has 
to tighten its belt in lieu of eating 
normal rations. Another has to do w 
the wheat acreages of the world. W 
has happened here? 

The great wheat-producing count 
of the world are Russia, United Stat 
Canada, Argentine and Australia 
an average of the years 1909-13, Russ 
cultivated 57,430,000 acres of w 
Of course during the war Ru 
acreage dropped very low, but in 
32 it rose to 92,070,000 acres, an inc 
of 60.3 per cent. over the pre-war pet 

The wheat acreage in the U: 
States averaged 47,100,000 in 1909 
and 59,910. 
acres in 1926—-30—an 
per cent. The figures for Canada 
9,940,000 acres in 1909-13 and 23,930, 
in 1926-30, an increase of 140.7 
eent. The acreage for Argentine 
16,051,000 in 1909-13 and 19,430,000 
1926-30, an increase of 21.0 per « 
For Australia the wheat 
7,600,000 in the pre-war period 
14,400,000 in 1926-30, an 
89.4 per cent. 

These, of course, are the prince 
wheat-exporting countries of the w 
Of some fifty different countries 
which quite careful statistics are 


rose to an average of 


inerease of 27.. 


acreage 


increase 





WHAT’S THE 


the average increase 


the pre-war perl id to 19: 
r cent. 
far as the United St 


SO 


ad, there is still another 


d be mentioned, namely, the 

per capita consumption 

lecline dates from the beginni 
‘esent century and amounts to some 
It can be a 


bv changes in the diet 


; . : ’ 
‘counted ior 1n 


} per cent. 
or our pe pie 
fr 


increased consumption ol 


sugar, greater variety in the diet 


to refrigerator transportation and 
and for the 
of The 
pita consumption of has 


d storage 


campaigns 


r use vecetables. per 


meats also 
leclined during this period 7 per cent 
As a result of 

and consequent increased production 


increased acreage 


of 


i 


the 
eat, coupled with under-consumption, 

» world carry-over of wheat has been 
limbing upward, until in the United 
it amounted to some 360 
million bushels on July 1, 1933. This 
‘an only have a depressing effect upon 


States alone 


prices. 
The foreign market for the wheat 
of the United States is largely a 
thing of the past. Our exports of wheat 
the nineties and in the early part of 

e twentieth century not infrequently 
zmounted to considerably more than 200 
llion bushels per year. As an average 
the five years immediately preceding 
the great war they had, however, 
dropped to 107.103.000 bushels. The 
war naturally made a great market for 
wheat and 


speeded up 


wherever this was possible. 


production 
Our exports 
for the three highest years of the war 
period averaged 330,806,000 bushels. 

The price per bushel kept pace with 
this unnatural demand, reaching $2.13 
per bushel as an average farm price in 
1919. As a of 
conditions many agricultural prophets 
felt justified predicting that this 
‘ountry would never see wheat as low as 
$1.00 per bushel again. 


result these abnormal 
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led European ¢ 
erect tariff barriers which 


many 
virtually 


hibit importations of wh: 
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he remainder was divided betw tic allotment plan and has said 
ussia, Africa and Turkey. It shoul wheat grower: Reduce your 
hat Russia was not a part) acreage 15 per cent., and we 


he allotment made to you 28 cents per bushel on 50 per 


of your average crop for the last 
ears. This has made it possible 
erower to reduce his acreage w 


serious loss and has 2 

that other wheat er Will 
same reduction. The handicap 
which the farmer has been work 


being lifted to an appreciable ex 
some 1. nillion ishels. Attention should per! aps be ¢a 


‘oblem was, and is, how to some dangers attendant wy 


definite reduce wholesale attempts to adjust 
ly 6 million ages. The wheat crop of 


farmers who are seattered from ocean to States in 1933 was 40 per cent 


an and from the Great Lakes to the five-year average production of 1! 


:) 


Gulf are involved. wine to unfavorable weather 
It is a comparatively easy matter - tions. What if this should be re 
a dozen or more heads of corporation this year? The answer is that our 
hinl . ‘ _~ , ‘ . ] ] _ ta 4 } 
which are manufacturing a given line ent abnormal holdover will take 
products to get together, agree upon al more thi ‘our such low-crop 
lotments and elose their factories when ‘here is no immediate danger 


their limit is reached. It is quite a dif- rate. The wide distribution of the 


} 


ferent matter for the farmer to close his crop, both in the United States 


plant, turn off his principal helpers the world, makes anything like 
his wife and children, by the way famine very unlikely. 
when prices are not to his liking. With Letting matters take their 1 
taxes and interest to be met, his only re- course has brought the farmer, and 
‘ourse seems to be to keep going and take him all industry, to a sorry plig 
whatever the conditions of the market would seem to be the pari of wisd 
provide. take a hand in directing the s! 
Accordingly, the Federal Government state. Success to the new men 
has adopted what is known as the domes- helm. 
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By SHERMAN B. BARNES 


UNIVERSITY 


period trom 
ng to the invention of 
al was a period in \ 

of Letters was handicapped by 
juate facilities of intellectual com- 

m and publicity. 

to the inerease in authorship and 
multiplication of books the need for 

nication and cohesion among _ periodic 


+ 


ivants expanded beyond the power ol forum 
learned letter, with its defects of 
rivacy, loss of time and irregularity, to 
This need of scholarship com- 
ed in the seventeenth century wit 
rise of the sciences and of intel- sufficiently 
il curiosity among the upper support a per 


learned journal. vidual editing, 1 


sses to produce the 
[The founding of the Journal des up _ correspondence 
ms at Paris in January, 1665, was and of obtaining materi 
wed by a remarkable expansion of inaccurate, partisan, 
e learned periodical press. Three of many journals whi 
indred and thirty periodicals were appealing to public ta: 
unded in seven European countries’ editors or publisher 
tween 1665 and 1730, Germany lead- of transmission and of circulation 
ng with the publication of 182, Great There is little doubt that the journals 
britain coming second with 51, and were widely read. In 1721 a contemp¢ 
Holland third with 34. In France 30 rary remarked that ‘‘there is 
ind in Italy 23 journals were founded. any literature better received 
In French Switzerland and in the Sean- public, nor read with more ea 
linavian countries five journals were than that of journalists 
respectively published. Some contem- found that journals provided a rapid 
poraries complained of the confusion means of information concerning the 
aused by the great number of journals, existence and nature of new books 
‘onfusion exploited by the founding Journals functioned as valuable canals 
it least six journals which sought to of communication on an international 
the time and money of the public scale. Periodicals helped to overcome 
publishing only the best articles the difficulty so often referred to in the 
taken from other journals. Such prede- letters of the seventeenth and eig! 
essors of the modern ‘‘Readers’ Di- centuries of procuring books from for 
gest’’ all said in effect to the public: eign countries. Poor means of ¢ommu 
‘Read us, it is not necessary to read nication and the organization of the 


} ' . ? ‘ , 
thers because we give you the best. book trade on national lines made it 


The 
hat 


the supply of journals outran de- difficult to have access to all books pub- 
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lished. Moreover, journals supplied the 
public with vernacular accounts of 
books unintelligible in their original 
Latin or foreign tongue. This fact is 
emphasized by the custom followed in 
many journals of translating even the 
foreign and Latin titles of books re- 
viewed. A number of periodicals, such 
as the Bibliotheque Angloise " the Biblio- 
théque Italique and the Bibliotheque 
Germanique, were originated to give 
publicity to the literary productions of 
some one foreign country. 

Among their other functions journals 
popularized learning. The cultivated 
gentleman, preferring to learn by con- 
versation in salons, by lectures or by 
reading short clear summaries of 
learned subjects, doubtless welcomed 
the short article and book review of the 
journal as attractive reading and turned 
repelled from folio tomes. It became 
very common for journals to replace 
books. The large number of worldly 
men and women who sought to instruct 
themselves at this epoch found that the 
reading of a literary-scientifie periodi- 
eal allowed them to speak in the salons 
of recently published books without 
purchasing or studying them. This 
view of the function of the learned 
journal was widely held at this time. 
‘*Journals,’’ declared Denis De Sallo, 
‘‘have been invented for the relief of 
those either too indolent or too occupied 
to read whole books. It is a means of 
satisfying curiosity and of becoming 
learned with little trouble.’’ There 
were at least thirty periodicals in this 
period which were primarily designed 
to popularize learning, most of them 
short-lived, and in addition to these 
avowed popularizers, all periodicals 
using the vernacular appealed by their 


cheapness, convenient formats, brevity, 
novelty and variety. Moreover, they 
enabled amateur writers to gratify the 
desire to see themselves in print and 
aided the indolent or busy man of af- 


fairs interested in science 
every great book is a great evil’’ 
quire a superficial learning. In 1 
contemporary declared that ‘‘b 
easy means of journals, which rr 
very little reading, ignorant 
speak and decide on everything 
with even more ‘hauteur’ than sc} 

It is interesting to note that 
113 specialized journals which ap) 
in the years 1665-1730, 30 were 
to natural science. Eighteen « 
were general in scope, eleven w 
sentially medical, and one was d: 
to mathematics and physies. h 
many, Holland, Scandinavia an 
gland learned journalism was 
initiated. Moreover, the idea of sp 
ized scientific journalism arose 
pendently in England before 
appearance of the Journal des S¢ 
since Henry Oldenburg was auth 
by an Act of the Council of the R 
Society, March 1, 1664, to publis 
scientific periodical as his own pr 
venture. Only his own procrasti! 
‘“obbed Oldenburg of the credit of 
nating learned journalism. Moi 
Oldenburg may have been acquai 


with an unexecuted plan of a week! 


fortnightly scientific periodical sp: 
izing in ‘‘Physicks, Mathematics, 
chanicks, Opticks, Astronomy, Medi 
Chymistry, Anatomy’’ extant 
Hooke’s handwriting in 1663. 

one science magazine appeared it 
period in Italy and in Seandi 


respectively, two in Holland, thre 


Great Britain, eight in France and 
teen in Germany. Fifteen of 

serials were monthlies, five were 
nuals, one a semi-annual, one a ws 
one a bi-weekly, and the others wert 
irregular in their intervals of ap 
ance to characterize them. Of 
thirty science journals only six 

connected with important academi 
science. Three of the periodicals 
nected with academies had th: 
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tinuous existence during this period, 
Philosophical Transactions, the Mis- 
lanea Curtosa and the annual of the 
Roval Academy of Sciences, founded in 
i” Nine science journals lasted less 
na year. 
That learned journalism was founded 
the convenience of the world of 
jars rather than for the 
blie is suggested by the early vogue 
specialized periodicals. While the 
ecialized magazine expanded the con- 
nt of journalism, from the point of 


veneral 


ew of the general public the special- 
ed periodical was to some extent a 
imitation to its participation in eul- 
ral movements by the use of maga- 
nes. In a word, so it may be argued, 
specialized journalism attracted certain 
ypes of savants, but repelled the pub- 

Yet medical serials had some popu- 
ar interest because of their publication 
and of their 
and curiosi- 


ties; and in an age when religious ques- 


remedies for diseases 


counts of monstrosities 
public was 


And 


as anatomy and other sciences became 


vital, a wide 


provided for theological journals. 


tions were 


more popular, a specialized scientific 
serial would conceivably have greater 
appeal, especially since the sciences had 
not yet become too abstract and complex 
It is also sig- 
thirty 
eight 


for easy comprehension. 
that of the 
periodicals only 
written in Latin. 

It was a characteristic of the science 
journals that they were composed pri- 


nificant natural 


science were 


original communications 
than of The 
learned journal profoundly influenced 
iuthorship through the opportunity it 
ifforded for the publication of short, 
riginal articles, discussing discoveries, 
The use 


marily of 


rather book reviews. 


experiments, observations, ete. 
of periodicals gave authors the advan- 
tages of conservation and 
publicity. Fugitive pieces and short 
pamphlets on learned were 
easily lost, causing scholars to withhold 


economy, 


subjects 


since 


publication 
who have so much 


write huge \ 


flying sheets and s 
soon lost as printed 
authorship by affording 
Papers 
ror 


scholars if published in journals 


of publication. 


over, be consery ed 


that 


learned periodica 


considered the most Im} 


] 


function of the 


persuading scholars ‘‘to make 


thoughts public, which otherwise 


eir desks, not 


would conceal in tl 


ing to print flying sheets sin; 


Journals were intermediaries through 


attacks 


and 


which a succession of remarks, 


replies could be published 
abroad the 


They afforded opportunities for 


and 


noised learned 


throughout 
world. 
continuous discussion and greater pub 
licity than pamphlets, letters or books 
Discoveries which might otherwise have 
remained unpublished or unknown were 


More 


over, scholars found periodicals helpful 


given rapid, effective publicity. 


as places in which to publish rectifica 


tions, denials, corrections, requests for 


information, documents, data or instru 
ments, and announcements of projects 

By their criticisms and threats of ex 
posing plagiaries, inaccuracies and 
other 


from the condition of privacy and isola 


defects, by removing scholars 
tion, and by the vast panorama of ob 
jective learning which journals spread 
before savants, learned periodicals con 
tributed to the sum total of the critical 
element in the intellectual life of 
Europe. 
The 
very gradually acquired a 
their 


ony 


per- 
their 


natural-science journals 

‘eritical 
sonality’’ of own. Since 
content consisted of original papers, the 
opportunity for editorial comment was 
limited. Moreover, an ignorant and 
eredulous public influenced many per 

odicals to publish chimerical and ‘‘mar 
monstrosities and 


velous’’ prodigies, 


wonders. Pierre Bay le onee wrote that 
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journalists ‘‘were obliged to speak from 
time to time of various prodigies and 
miraculous events, because they learn of 
the spread of rumors concerning these 
events and they imagine that the public 
would complain of their negligence if 
nothing about them.’’ In 


they said 


general, periodical criticism was re- 
tarded in this period by poor facilities 
the 


impersonal! 


communieation and 
full, 

the 

learned 


of intellectual 


consequent need for 


analyses of books, opposition of 


authors and opinion, which 
favored objective, impartial description 
of books without subjective comment, 
the caution and prudence of editors de- 
sirous to avoid offending authors and 
public, the influence of booksellers upon 
journals and the power of authority in 
church and state. 

Nevertheless, journalistic ‘‘personal- 
ity’’ 


Jean Baptiste-Denis in his Conferences 


colored several selence periodicals. 


sur les Sciences carried on a polemic 
against the Aristotelian notion of a 
‘*faculté pulsifique’’ as the 
heart 


souls’’ 


source of 
movement and of ‘‘vegetative 
as an explanation of the growth 
of plants. In the Philosophical Collec- 
tions Hooke attacked a metliod of flying 


proposed by Francesco Lana, consisting 


of a ship to be carried aloft by four cop- 
Hooke 


argued that Lana did not provide for 


per spheres exhausted of air. 
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spheres of sufficient thickness 
air pressure, unequal on une 
faces; therefore, the thicknes: 
copper used would have to n 
the same proportion to the di 
the spheres, which would prev 
ing the spheres proportionate 
than the air and proportionat: 
Antoine Parent’s Recherches 
sique et de Mathématique arou 
hostility by its critical reflecti 
eral editors of science jour 
their periodicals a 
utilizing them to 


perso! al 


promote a! 





ested’’ publicity for their b 
eines and lectures. Thus Jean B 
Denis 
Confe rences a certain 
Nicholas De B 
supported by influential patr 
XIV, fow 
Découve 
which public lectures in medici 


defended and advertise 
‘styptic « 
of his invention. 
court of Louis 
Academie de Nouvelles 
omy and surgery were giv 
Blegny used his Nouvelles D 

sur les parties de la M 
(1679-8] to 
academy and public lectur 


and off 


toute Ss 


advertise not 


medicines 
needed } i] 


his books, 
**for those 
periodical was suppressed at t! 
of the Paris Medical Faculty 
because De Blegny was an 


who 


upon its monopols 

















By Dr. JAMES FREDERICK ROGERS 


WOETHI was a heroic figure physi 
ly, as he was mentally 
more magnificent youth never en 
» Strasburg gates’’ and ‘‘long befor: 
ebrity had fixed all eyes upon him h 
is likened to an Apollo. Once wht 


hen he 
ple laid down 


tered a dining room pet 
eir knives and forks to stare at th 
autiful youth. His features wer 
rge and liberally cut, as in the fine, 
weeping lines of Greek art The brow 

; lofty and massive, and from beneath 

shone lustrous 


ipils being of almost unexampled size 


i 


middle 


The short aquiline nose was large, and 


ell eut 
roportioned and the head rested on a 
ndsome and muscular neck.’” 


the chin and jaw boldly 


In stature he was rather above the 
le size, but, though very erect, he 
] 


was not really tall, as he was sometimes 


} ] 


ry 
I 


S 





\ 








LeS ribed. 


mm? 


well-built 


‘animal spirits. ad 


‘“‘His frame was _ strong, 
iscular, yet sensitive.’”’ 

From his father Goethe inherited his 
frame, erect carriage and 
asured movement and by his mother 
was endowed with a large fund of 
From neither does he 


em to have received much immunity 


from infection, and, though so healthy 


from the standpoint of physique, he was, 


ke George Washington, who was simi- 


arly endowed, frequently attacked by 


terial diseases. The very abundance 


his vitality led him in his younger 


years to extravagances of physical excess 


hich had much to do with bringing on 


these attacks of illness. 


Already at six years, Goethe was a 
igorous specimen. He relates in his 


‘George Henry Lewes, ‘‘Life of Goethe,’’ 
mdon, 1864. 
2 Ibid. 
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In December he was ‘‘attacked by vio- 
lent internal pain; all the remedies tried 
failed to lessen his fearful sufferings. 
His mother in her utter need tried her 
old pious plan of opening the Bible 
with a sharp point. The text to which 
she opened, ‘Thou shalt yet plant vines 
upon the mountains of Samaria,’ filled 
her with joyous confidence. When the 
orthodox methods of the pharmacopoeia 
failed, resort was had to alehemy—a 
magic salt brought about, or was accom- 
panied by, relief.’”’ The pain lasted 
two days and for three weeks he could 
not leave his room. A new tumor 
formed on his neck and finally had to be 
lanced. But it was Goethe and no ordi- 
nary mortal who was sick, and he writes, 
‘*T have learned much in illness, that I 
could have learned nowhere else in life.’ 

For a year and a half he lived a life 
of invalid seclusion, and in 1771, at 
twenty-two, he was still troubled with a 
cough, though in May he was able to 
dance from two in the afternoon until 
midnight, ‘‘almost without interval.’’ 
In June he wrote, ‘‘I am pretty well in 
other respects, but one is but half alive 
when unable to fetch one’s breath 
exercise and fresh air do one good as far 
as anything does good.’’ It was not 
many months, however, until he could 
resume his immense mental and muscu- 
lar activities. He excelled in all kinds 
of sports. He was an excellent swords- 
man and rider. He had a passionate 
love of swimming, which December’s 
cold could not arrest. He never tired of 
skating, and ‘‘all day long and deep into 
the night he might be seen whirling 
along.’’ 

‘*His love of Nature made him indif- 
ferent to luxury. In many things 
he was unlike his nation: notably in his 
voluntary exposure to two bright whole- 
some things, which to his contempo- 
raries were little less than bugbears— 
fresh air and cold water.’’"® When re- 


Ibid. 


Lewes, op. cit. 


building his Gartenhouse he lived 
‘* Wrapped up in my 
cloak, I laid myself on a dry corr 


or about it. 


the veranda terrace and slept amid ¢ 
der, lightning and rain so glor 
that my bed was afterwards quit 
agreeable.’’ 

The daily program of his young 
hood is thus described by Lewes 
rose at seven, sometimes earlier, 
sound and prolonged sleep; for 
Thorwaldson, he had a ‘talent for s 
ing’ only surpassed by his talent 
continuous work. ’Till eleven he w 
without interruption. A cup of ¢| 
late was then brought and he resw 
work till one. At two he dined 
meal was the important one of the d 
His appetite was immense. Eve 
days when he was not hungry, h 
much more than most men. Pudd 
sweets and cakes were always welc 
He sat a long while over his wine, ¢!} 
ting gayly to some friend or other 
He was fond of wine and drank dail 
two or three bottles. This was, for 
Rhinelander, a moderate amount 
which he became accustomed from c! 
hood. The quantity he drank never 
more than exhilarate him; never n 
him unfit for work or for society.’ H 
later reduced his ration of wine 
‘‘often took neither wine nor punch.” 

By the time he reached forty the d 
serts had disappeared from his table 
‘‘even the customary coffee after dim 
His mode of living was extremely s 
ple. Between eight and nine a fru 
supper was laid, but he never ate 
thing except a little salad or preserves 
By ten he was usually in bed.’” 


His was the temper of the wide-seeing 


philosopher which he was, and he 
remarked, ‘‘ You see how far I am 
hypochondriae disquietude which sets s 
many men at variance with their places 
in life.’’ 

7 Ibid. 

8 Ibid. 
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He had some attacks of severe illness 
subsequent to the described. At 
was tormented by a swell- 


one 
rtv-SlA he 
‘n¢ in the cheek, which with the means 
resorted to for cure affected his sensitive 
nervous system greatly, ‘‘yet he laboured 
vithout ceasing.’’ A few years later he 
had ‘‘a violent and protracted eold, fol- 
owed by erysipelas, a convulsive cough 
nd difficult Two 
later he was kept indoors for a consid- 


breathing.”’ years 
erable time with another violent cold. 
At fifty-six he was ‘‘very ill indeed with 
eolie of the kidney,’’ of which he had 
three attacks in as many months.® 

Every two or three years one or other 
of these ailments returned to the attack, 
but Goethe did not allow his sufferings 
to interfere greatly with his work and 


his splendid constitution reacted for 
health between times. 
‘At seventy he was younger than 


many men at fifty’’ and at this age he 
was deseribed as ‘‘of high stature, of 
strong robust build, the brownish hair 
slightly bleached, the brow high arched, 
the eyes still fresh and fiery, his com 
plexion white and red. The features of 
the countenance were strong, the chin 
somewhat prominent, the neck consider- 
ably fleshy.’?2° 

‘*As a rule he rose at six o’clock, and 
partook of coffee immediately. At seven 
he summoned his secretary and dictated 
until eight, until half-past 
eight. Then he walked on the terraces 
or in the garden until half-past nine; 
then breakfasted. After breakfast he 
dictated again or went down into the 
garden, where he remained until half- 
past five, when he ate some white French 
bread and drank some wine. After that 
he stayed in his room or, in fine 
weather, paced up and down the gardens 
repeatedly. Sokell never found him 

® Diintzer, op. cit. 
10 Lewes, op. cit. 
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seated when in he rardens In the 
evenings he read the etLrers nat nad 


d those that he had di 
tated during the 


come and sign 
day 
at nine or half-past 1 
deep and sweet sleep He was ver 
temperate, and ate and 
and during all the time in Dérnburg e1 
joyed perfect health.’’ 


drank by rule 


‘*There was abundant life in the old 
Jupiter whose frame was still massiv 
and erect: whose brow had scarcely 
wrinkle of old age: whose head was st 
as free from baldness as ever 


Hufeland, the physician, who had made 


a special study of the human organiza 
tion with reference to its powers of vital 
ity, says that never did he meet with a 
man in whom bodily and mental organi 
zation 
Not only was the prodigious strength of 


vitality remarkable 


were so periect as in Goethe 
in him, but equally 
so the perfect balance of functions 
no function was predominant, all worked 
together for the continuance of a marvel 
lous balance.’’ 

At eighty, ‘‘the old 
mistakably that he was old. 


became noticeably impaired . yet his 


man showed un 
His he iring 
eyesight remained strong and his appé 
tite 
contrast to the earlier years, in his pref 
The heated and 


unventilated 


good ... he presented a striking 
erence for closed rooms 
impure atmosphere of an 
room was to him so agreeable that it was 
difficult to persuade him to have a win 
dow open for the purpose of ventilation 
he sat in rooms so heated that he 
was constantly taking cold.’” 
Yet still he toiled and after ei 
produced some important works. 


or] ty he 

In his 
last years he led a very regular and s¢ 
cluded life, and he 
chair at the age of eighty-three 


passed away in his 


11 Diintzer, op. cit 
12 Lewes, op. cit. 


13 Tbid. 
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COLOR CHANGES IN ANIMALS 


By Professor EARLE B. PERKINS 
DEPARTMENT OF ZOOLOGY, RUTGERS UNIVERSITY 


THE ability by several 
groups of animals to change their gen- 
eral body coloration and alter their 
color patterns has excited the interest of 
professional zoologists and nature stu- 
dents alike for many years. Almost 
every one knows about the chameleon 
and its many colors changing with fair 
rapidity from one shade to another in 
response to background color or nervous 
excitement. The true chameleon is a 
native of Africa and India and is seldom 
seen in this country, but in Florida the 
so-called chameleon, Anolis, is a fairly 
common color-changer well known to 
tourists. 

When we look through the animal 
kingdom for this remarkable response, 
we find that many animals are unable to 
change their color even though their 
skin contains an abundance of: coloring 
matter or pigment as it is called. Pig- 
ment of one color or another is found in 
every major group of animals, but only 
in a few of the higher groups of inverte- 
brates and in the lower groups of verte- 
brates is this pigment mobile and con- 
trollable. For example, among the 
mollusks (which include clams, oysters, 
snails, slugs and squids) there may be 
no color changes at all, as in clams and 
oysters ; or extremely slow color changes, 
as in snails and slugs; or extremely 
rapid color changes in the squid and 
octopus where the colors flash from one 
shade to another in rapid succession in 
response to nervous activity. Many 
crustaceans, such as shrimps, are able to 
adapt themselves by changing color in 
such a way that they become pale and 
transparent over a white background, 


possessed 


very dark over a black background, and 
variously colored when over 
backgrounds. The process of adaptatio: 
may require from several minutes to an 
hour, but when completed there is a r 
markable approximation to the back. 
ground shade and color so that the ani 
mal blends with its surroundings and is 
made less conspicuous than other ani 
mals which do not have adaptive color 
control. 

Among the vertebrates or backboned 
animals many of the fishes, amphibians 
and reptiles show responses to back- 
ground color and pattern. The common 
flounder will not only approximate t 
color of the background on which it lies, 
but will cause its skin to be mottled with 
spots and patches of color to simulate 
those of the background. In the labora- 
tory, flatfishes placed over a black and 
white checkerboard pattern will cause 
their body pigment to change in such a 
way that a rough checkerboard arrange- 
ment of light and dark areas will be pro- 
duced. Among the amphibians the frogs 
are well able to change their bodily color 
from a pale yellowish green to a deep 
brownish black, depending upon the 
shade of the background. Several rep- 
tiles in addition to the chameleon also 
are able to bring about adaptive color 
changes, the horned toad (which is not 
a toad at all, but a true reptile found i 
the southwestern part of the United 
States) has been used as a subject f 
color-change studies because of its read- 
ily controllable color changes. 

If we take a piece of the skin of any 
of these animals and examine it under 

the microscope we find that the pigment, 
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‘nstead of being diffused or simply de- 

sited in ordinary skin cells, is con- 
tained within special cells called chro- 
matophores and these chromatophores 
re able to contract or expand under the 

ntrol of the animal. When a chromato- 
phore is contracted the pigment is re- 
juced to a minute spherical mass, and 
when the chromatophore is expanded the 
pigment is spread out into branching 
ell processes which may interlock with 
neighboring processes of other chromato- 
phores to form a network. In this con- 
dition the animal takes on the color of 
the pigment network. 

Further examination shows us that 
usually there are several kinds of chro- 
matophores in the same animal. Some 
ontain black pigment, some red, some 
yellow, and there may be other colors. 
Then, too, there may be a layer of pig- 
mented cells which is iridescent and dif- 
fracts and reflects various colors as does 
an oil film on water. 

In the vertebrates varying shades and 


colors are produced by the degree of 
contraction and expansion of the chro- 
matophores, by the contraction of an 
outer layer of color cells revealing a 
layer of expanded color cells beneath, by 


light reflecting from the immovable 
iridescent cells, or by all the pigment 
cells reflecting the light to produce a 
blended color. In the invertebrates 
there is usually only a single layer of 
color cells but these are of different col- 
ors; red, yellow, brown and black being 
commonest. In the crustaceans and mol- 
lusks a yellow color, for example, is 
produced by an expansion of the yellow 
cells and a contraction of all the others; 
red or brown body color indicates that 
the chromatophores containing these pig- 
ments are expanded to a maximum and 
the other colors are reduced to scattered 
points—mere specks of color which do 
not affect the general hue. 

The squids are peculiar in that they 
produce their rapid color changes by a 
somewhat different means than do all 
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the other color-changing animals. Here, 
pigment is contained in elastic sacs to 
which are attached many small muscles. 
When the muscles contract 
spread out over a large area and the pig- 
when the 


. 
this sac 1s 


ment presents a large surface; 
muscles relax, the sac contracts to an in 
conspicuous spot. By rapid nerve action 
on these muscles the squid causes a sym- 
phony of color to be played on its skin, 
produced by a 
long before man himself appeared on the 
earth. 

All these known to 
naturalists for a long time. Within re- 
cent years studies have been made on the 
inner mechanism the 
movement of pigment, and these studies 
have led to some very interesting and 
important conclusions. 

Early experiments on the controlling 
mechanism in color change activity indi- 
cated that the nervous system played an 
important part in bringing about the 
movement of chromatophores and, in 
fact, stained sections of these color cells 
frequently revealed nerves in actual con- 
tact with them. Furthermore, when a 
living nerve was stimulated artificially, 
chromatophore movements could be pro- 
duced. So the general assumption was 
made that color changes are directly 
under the control of the nervous system. 
This conclusion seemed obvious in view 
of the fact that the animal’s eyes are 
necessary for ordinary pigment move- 
ments. 

More recently, however, we have been 
hearing much concerning control of 
vital processes by means of hormones, or 
humoral substances, which are 
tions of certain tissues of the body that 
are carried in the blood and other body 
fluids. These substances have the power 
to control a great variety of bodily funce- 
tions independently of, as well as in con- 
junction with the nervous system. We 
know a great deal concerning the secre- 
tion of the adrenal glands, and of the 
secretion of the pituitary gland, and of 


‘color organ’’ evolved 


facts have been 


which controls 


secre- 
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the thyroid and the pancreas. New 
secretions and new effects are being dis- 
covered until it would seem that hor- 
mones are being produced for some 
specific purpose in nearly every tissue of 
the body. 

So it was not surprising to find that 
chromatophores are caused to contract 
or expand under the influence of hor- 
mones—the same hormones in many 
eases that influence other bodily proc- 
esses. If we inject adrenalin into the 
blood stream of a fish or a frog or a 
chameleon its chromatophores contract ; 
inject pituitrin and they expand. Re- 
move the pituitary gland from a fish and 
its pigment cells contract and remain so 
until more pituitary secretion is admit- 
ted to the blood stream, because the 
pituitary produces the substance that 
controls expansion; remove the adrenal 
gland and no more contraction by means 
of the adrenal hormone is possible. 

When nerves leading to the chromato- 
phores are cut, and when hormones are 
no longer allowed to come into contact 
with the chromatophores, they still may 
be induced to contract or expand by 
ehanges in light intensity or tempera- 
ture. Certain drugs will also cause pig- 
ment movement under laboratory condi- 
tions. 

One of the most unusual instances of 
hormone control was announced five 
years ago, when it was found that the 
stalked eyes of crustaceans contain a 
substance which, when liberated into the 
blood stream, causes the chromatophores 
of the crustacean to contract. In these 
animals, of which the shrimp is an ex- 
ample, the nervous system plays no part 
in color-change activity, so the control is 
entirely humoral. An extract of the eye- 
stalks can be prepared which will cause 
chromatophore contraction in the living 
animal or in isolated pieces of skin con- 
taining chromatophores. When the eyes 


are removed, the chromatop! 
pand, because no more contract 
stance can be produced. 

More recently the eye-extract 
injected into other animals whic 
color to see what the range of 
ness of this new hormone might be 
jected into fishes it produced contr 
of chromatophores, and, rather 
ingly, produced expansion of the 


cells when injected into frog tadpok 
The interesting thing about thes 


coveries and experiments, in additi 
solving some of the problems ol 
color changes, is the fact that addit 
evidence is presented for the pres 
of well-developed hormone-p 
structures among the lower 
These structures make up what is 
the endocrine system—a system of 
dinating organs in the vertebrat 
important as the nervous system 
trolling vital processes. Within t 
year Dr. G. H. Parker, of Harvan 
found that nerves themselves sec: 
humoral substance which passes 
affected organ and sets it into operat 
So it may very well be that all | 
control is ultimately humoral. 

The endocrine system is high] 
oped and found extensively among 
vertebrates, but until recently its 
ence was only suspected in the 
brates. As yet very few endo 
substances are known among t! 


wy 


vertebrates—the crustacean’ ey: 
mone being by far the most spectacu 
And, too, the fact that an inverteb: 


hormone is effective on vertebrate str 


tures seems highly significant. T! 
currence of such a substance in 
eeans which will produce color ch 
in fishes and amphibians points 
forerunner, in the evolutionary hist 
of animals, of the more highly deve! 
vertebrate endocrine system. 
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FRIENDLY GERMS 


By Dr. W. LEE LEWIS 


CHICAGO, 


ge words used in human speech are 
If | 
ise the word ‘‘taste,’’ in the sense of an 
reciation of cultural things, 
at once only of good taste. 


nteresting study in themselves. 


you 
And 
some wag very properly remarked 
ne one that, ‘‘He had lots of taste, 


it was bad.’’ ‘‘Luck’’ invariably 


es good luck ; ‘ont 
luck,’’ meaning 


lly. ‘‘Smells’’ suggest bad odor, yet 


as we Say one Is 


things are going 


st flowers smell nice. And so when | 


say germs you at once think only of 


Yn 


Sildil, 


naided eye, that bode no good for man- 


repulsive wigglers, invisible to the 


In the case of germs or bacteria there 
is a reason for this first reaction that all 
germs are bad. Bacteria like the same 
foods that we like 
ally in competition with them to keep 

ir foods from spoiling. We boil alive 

ese small competitors of ours, we freeze 

em, we deprive them of their drinking 
vrater, and dose them with chemicals in 
perpetual dispute over the ownership of 
odstuffs. Bacteria attack us in 
person and give us diseases. In spite of 
| we have learned about them they per- 
sist surprisingly. Bacteria were the first 
settlers on this earth, antedating us by a 
few million years. They have been called 
ur younger brothers. They are really 
ir very great-grandparents. Small 
wonder they know how to survive with 
such long and varied experience behind 
them. In spite of all that the micro- 
scopes and the laboratory have revealed 
ibout them, there are probably as many 
germs to-day in kind and numbers as 
there ever were. 

My purpose for the moment is to break 
i lance in behalf of the friendly germs, 

r there are good germs as well as bad 
germs. We have gained our impression 


and so we are eter- 


also 


population from a st 
papers. The vicious members of the 
spective groups find the most publ 
When 
posed enemy, the next best thing 


ally with 


you can not overcome a 
him or 
And SO 


bacteria, their habits, 


business. 


ucts and life cycles, has grown, 


increasing!y harnessed these 
chemists to serve our pt 


In their Important service to 


Irposes 

man 
would mention first the large 
that 
water and destroy dead 
the 


who seize upon the waste matter of civ 


group of 


bacteria live in the soil and the 


organic matter 


These are great public scavengers 


and resolve it into simpler 


These simpler 


ilization 
forms. 


forms may be 


foods and so enter 


utilized as plant 


again the cycle of living things. As 
plants they become food for animals and 
their highest spiritual and intel 


The 


one creat 


reach 
lectual expression in mal life of 
chemical element is_ just 


merry-go-round after another. 


nitrogen, 


Consider the element 


ent in all life forms from the cell 
amoeba to the 
First, nitrogen is combined as an inert 
ealled nitrate. Plant life 
nitrogen in this form and builds plant 
protein out of it. 
and build their protein from plant pr 
tein. 
along the way these friendly bacteria of 


creat 


brain of a 


salt utilizes 


Animals eat plants 
The operation is wasteful and all 


nature convert the waste nitrogen com 
pounds back into nitrates where plants 
may again start them on the hightoad 
of life. 

With the growth of population it has 
increasingly 


become impossible to dis 
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pose of domestic and industrial waste 
through natural waters and the soil. 
Sanitary engineers have accordingly 
taken a page from nature’s book and 
utilized these bacterial scavengers in 
great municipal sewage disposal plants. 
Moreover, as is so often the case when 
man borrows an idea from nature, he 
improves upon it. And so the resolving 
processes carried out by nature on waste 
matter by friendly germs are made more 
efficient both as to time and space in 
modern city sewage plants. 

Another interesting illustration of 
how these friendly germs respond to 
sympathetic cooperation is found in the 
legumes, that is, such plants as beans, 
alfalfa and clover. On the roots of 
these plants may be found little pellet- 
like nodules. These are the houses for 
friendly germs. They are accommodat- 
ingly supplied by the plant without in- 
jury to itself. The bacteria which dwell 
there in a happy cooperation with the 
plant catch the free gaseous nitrogen of 
the air and build it into nitrate which is 
basie plant food. That is why clover- 
like plants are grown and plowed under 
to enrich the soil. That is why the U. S. 
Department of Agriculture once distrib- 
uted these little root bacteria to farmers 
to place on their clover seed for soil 
enrichment. 

I need to mention the use of bacteria 
in healing the ills of humanity. For- 
merly the death rate from diphtheria, 
for example, was very high. Now, if 
taken in time, the antitoxin treatment is 
practically a certain cure. How is the 
antitoxin made? Diphtheria bacteria 
in the laboratory are set against diph- 
theria bacteria in the throat. They are 
grown in large quantity in a kind of 
broth. They are then filtered and the 
resulting solution of toxins injected into 
the blood system of a horse. Later the 
antitoxins thus formed in the horse are 
injected into the blood of the diphtheria 
patient to help him neutralize and over- 
come the toxins from the marauding 
diphtheria germs in his throat. 


This is but one example of man) 
toxins and sera that are to-day sa 
countless human lives. Thus und 
tain circumstances enemy germs m 
come friendly germs. 

In the realm of foods, bacteria 
used extensively. For example, 
dairy industry butter owes its di 
pleasing flavor to bacteria which 


about subtle changes in the butter { 


Special sour milks, much prized by n 


persons, are made with pure cultures 


certain bacteria. These specia 
milk germs are believed to atta 
overcome certain hitch-hikers in « 
mentary tracts that occasionally c 
improprieties. 
bacteria for their special flavors. 


Cheeses depend 


high cheeses are largely predigested 
this manner. Soy-bean sauce is mad 
a fermentative process involving gen 


The farmer chops green sto 


into his silo and lets the bacteria 


ment it. It is a rich, appetizing 


nutritious feed for live stock. Sau 
kraut is distinctly a product ferment 
by bacteria from cabbage. Vinegar 


made by a germ of questionable 

Bacteria play a strong part in the 
ing of meats. Cured meats are p 
in a sweet pickle for several weeks w 


bacteria serve in many ways to dev 
that unique flavor we all like in smo! 


ham and bacon. 


Salt-rising bread involves the act 
of germs rather than the usual yeasts 
In other industries, such as the t 


ning of leather, the manufacture of 
tain commercial solvents, the pre} 
tion of rubber, tea, tobacco, indigo 


cocoa, and the preparation of flax, hem 
and jute, bacteria are pressed into | 


service of man. 


Germs may even be used in the mu 


| 


business, for it has been found that the) 


can convert native zine ores into so 


form by oxidizing the natural sulp 


ore into soluble sulphate of zinc. 


Germs may eventually be used to | 
houses. This comes about from thie fac! 
that some germs like a good trop! 
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temperature, around 80° C. They are 
the real Californians and Floridans of 
the bacterial population. However, there 
is this difference, that, whereas the Cali- 

rnians and Floridans are reputed to 
have difficulty at times in controlling 
their respective climates, the heat-loving 
bacteria settle the matter by manufac- 
turing their own climate. They attack 
the material in which they find them- 
selves and break it down in such a man- 
ner as to produce heat. Thus, given a 
proper food material, they could pro- 
duce enough heat for themselves and 
illow us to bask in the overflow. 

How is it possible for a tiny sub- 
visible organism like a germ to produce 
effects which are noticeable to a being so 
much larger, in fact billions of times 
larger than the germ itself? 

Germs are so small that scores of them 
eould dance on the point of a needle at 
the same time, and in fact often do. 

There are many reasons why they can 
make such deep-seated changes in such 
large amounts of matter, but the reason 
most often neglected is a simple one. It 
is this: Their stomachs are all outside 
them instead of enclosed in their bodies, 
as is the case with higher organisms. 
In other words, if we eat a bow! of soup 
it is conducted to our stomach via the 
esophagus. We send out various fer- 
ments such as pepsin into this trans- 
ferred soup to digest it. But we only 
digest that amount which we swallowed 
and which we will assimilate. 

sut suppose we drop a germ in a bowl 
of otherwise sterile soup. The volume 
of soup is tremendous in proportion to 
the volume of the germ. And yet the 
germ will send out digestive ferments 
into the soup which surrounds him. He 
will grow large on the soup so digested 
and absorbed. Finally he will divide 


into two germs like | 


They 
simple cell division in 
And so the pr 


smaller. in turn 1 
cerms. 
on. 
Eventually 
vested from the 


the sou} 

cerms’ 

all spoiled from our standpoint. 
Thus it 

own 


is that a germ dige: 
energy and building 


purposes 


amount of food matter far in excess 
its own body needs. i 

verm’s stomach is all 

a higher animal’s st 

limited in the 


material it ean transform. 


and so 


The rapid multiplication of bacteria 
by simple cell division and their tremen- 
dous digestive capacity are the two prin- 
ciple reasons for their great 
transform matter. 

Summarizing, then, I have tried to 
prove that just because he is a germ does 
not necessarily prove that he is bad 
Many are benign and friendly to man 


power to 


and some of the so-called bad ones have 
been trained to defend us against their 
outlaw brothers. 

They are public scavengers and em- 
industry. They 
sympathetic 


ployees of many an 
respond to the slightest 
understanding and cooperation. They 
work night and day without pay. They 
demand neither sleep nor vacations and 
are fiercely energetic. 

Men and 
gether on this earth and are growing to 
understand each other better every day. 
Who knows but some day they will be 
no longer enemies and little children will 
prattle kindly: 


verms have been long to- 


I love to see a little germ 
And pat him on the head, 
So prettily he wags his tail 
Whenever he is fed. 





THE SCIENTIFIC MONTHLY 


MOSSES 


By Dr. A. J. GROUT 


BIOLOGICAL LABORATORY, COLD SPRING HARBOR, L. I., N. 


To the great majority of people, 
mosses will suggest two things, ‘‘moss- 
back,’’ and the proverb, ‘‘ Rolling stones 
gather no moss.’’ People are contin- 
ually asking me, ‘‘Of what use are 
mosses?’’ We can neither eat nor wear 
them, but certain kinds have been used 
to stuff beds on which to sleep. While 
mosses have some very practical uses, as 
we shall see later, one of their main 
values to humanity is an esthetic one. 
If mosses were suddenly removed from 
the landscape, people would wonder 
what was the matter, without being able 
to give an explanation as to why it had 
so suddenly become bleak and uninter- 
esting. 

Let us listen to what a famous poet, 
who wrote mostly in prose, has to say 
of mosses, ‘‘Veiling with hushed soft- 
ness the dintless rocks, covering with 
strange and tended honor the searred 
disgrace of ruin—to them, slow-fingered, 
constant-hearted, is entrusted the weav- 
ing of the dark eternal tapestries of the 
hills.”’ 

The freshness which delights the eye 
after a summer shower is in a large 
measure due to the magic transforma- 
tion of dried-up brown mats of moss into 
cushions of living green. Some parched 
and scorching summer day get a mat of 
this brown, dry, dead-looking moss from 
a ledge or boulder, moisten it, and be- 
hold a resurrection such as happens with 
every passing shower. 

Mosses are all small plants, for they 
have no vascular system for conveying 
liquids from the earth to the stems and 
leaves. Neither have they any true roots 
for absorbing moisture and minerals, 
hence they are condemned to be per- 
petual dwarfs, shriveling at the touch of 
the sun and reviving with the rain- 
drops; but having a vitality and endur- 


ance so that they will grow on the | 
rock or boulder or ledge, even i: 
arid mountains of the west, often so dr 
they will crumble to powder at 
touch, yet springing to life and vig 
with every rainfall. In many eases 1 
powder of the crumbled plant, if n 
tened for a time, will sprout out 
fresh new life. Some of these droug 
enduring plants have become so | 
ened to the lack of moisture that 
have retained their vitality on the | 
barium shelves of the museum for s 
eral years and have started to grow \ 
moistened. 

The length of time which the sp 
of these mosses can survive has bi 
tested, and one authority reports 
spores seventy years old have gern 
nated. This, however, is subject 
doubt, but it seems probable they 
live for at least a quarter of this time 

Young capsules with developed sp 
are rich in protoplasmic content. T 
young capsules of the hair-caps tast 
like the blood from a bitten tongue a: 
doubtless contain a high percentag: 
nutrition. If I were starving in a 
derness where these capsules are four 
I should certainly try eating ther 
either raw or in a soup, even though 1 
one knows by experience what the aft 
effects might be. 


More than once mice have raided my) 


duplicates and eaten the spore-filled cap 
sules. Mosses in the field are 
found with many capsules eaten by 
sects or mice. However, mosses as 
class are remarkably free from parasit 
fungi or animal foes. 

Many species have most delicate a! 


ingenious devices for retaining moist 

The leaves of most mosses, especia 
those of moist habitat, are but one « 
thick, but those of dry rocks and ledg 
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n develop a double layer of ex- 
tremely thick-walled cells in the upper 
ortion. This is to prevent evaporation. 
In most mosses the lower leaf cells are 
for absorption, 


rge and thin-walled 


specially those cells at the leaf angles of 


ertain species, which look, under the 
sroscope, like tiny bubbles. When it 
1ins the mosses spread out their leaves 
eatech the moisture in their cuplike 
ses, where it is absorbed into the large 
in-walled cells. As the weather dries 
them up, the leaves close up tightly to 
moisture within. The 
of leaves, like the shingles on a 


f, also assists to keep in the previous 


etain arrange- 


moisture. 

One of the most important economic 
services of mosses is due to this very 
power to absorb and retain moisture. 
The forests are given the credit for re- 
taining moisture, preventing floods and 
keeping up a steady flow of water in the 
streams, but a very large part of the 
water-conserving power of the forests is 
due to the mosses which the 
shade of the trees. In our climate the 
moist atmosphere of the forest shade is 
necessary for vigorous moss growth, but 
in the treeless mountains of England 
and Scotland the atmosphere is so moist 
that the freely without 
shade. 

The most efficient of these water-con- 
serving mosses is Sphagnum, or peat 
Its leaves are made like tiny 
sponges, most of the cells of leaf and 
stem being hollow with open pores. By 
accurate test, dry peat moss will absorb 
twelve to fifteen times its own weight of 
This makes some of the most 
absorbent species of peat moss one of 
the very best dressings for wounds. It 
not only absorbs wound drainage and 
pus but has an antiseptic action also. 
Because of these properties of absorp- 
tion and antisepsis, peat moss is also 
very useful as a stable bedding, preserv- 
ing all liquid fertilizer and preventing 
stable odors; also in packing the roots 


vrow in 


mosses grow 


Moss, 


water. 


of plants for transportation. Lave fish 
may be carried for long distances packed 
in this moss. 

Peat moss and embedded 
favorable locations, such 
mountains, form layers fr 
twenty feet 
from filling in small lakes, the peat 
Into 
men in hurried 
Not only 
but persons are preserved as 


thick and in 


unknown’ deptlis these bogs 


} 


plunge and 


animals 
flicht or by accident animals 
fossils by 
its antiseptic power. Dana reports the 
finding in recent times in English peat 
bogs of horses and knights in armor ol 
the period of the Wars of the Roses and 
in a most remarkable state of 
tion. In 

dressed in 


pre serva 


another bog bodies of men 


haireloth of a prehistoric 
period were uncovered 

These bogs are more treacherous than 
quicksand and even to-day many 
find 


sinking in one of these bogs where there 


persons 


perish in them. If you yourself 


is no help and no escape for you, console 
yourself with the fact that in the far 
distant future 
valuable museum specimen. 
the firm part of the bog is cut 
and dried, makes a most delightful fuel 


you will make a most 
Peat, when 


in slabs 


both as to heating efficiency and pleasing 
Quantities of peat have been dug 
out of nearly every subway excavated 
in New York City. 

Aside from the 
mentioned, and the 
action of mosses, they also serve directly 
to prevent 
cumulation. On 


odor. 


uses of peat above 


water-conserving 
aid soll ac 
the bare earth in 


erosion and to 


the 
Carolina mountains, where vegetation 
has been removed by man or nature, one 
may frequently see lilliputian mesas 
formed by a matting of 


which has held together the particles of 


moss protonema 


earth when struck by the falling to1 
rents of the summer showers 
The the New 


England brooks are often covered with 


stones in beds of our 


masses of sand and gravel, caught and 
held by the mosses W hich cover them 
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The bare bones of our New England 
mountains have become gradually cov- 
ered by mosses and lichens, which slowly 
creep inwards from the margin of ledges 
until they are covered with a thin layer 
of vegetation. Then ferns, grasses and 
other herbs follow. As the mat thickens 
shrubs spring up, and finally mighty 
spruces and pines which have only a 
foot or so of soil to sustain them. When 
a tornado topples these trees, one can 
see how little they had on which to sub- 
sist. Let fire spread through such a 
region, as has happened in the Adiron- 
dacks in recent years, and the soil itself 
burns, leaving stark and naked the skele- 
ton of the landscape and destroying 
nature’s patient handiwork of a million 
years. Meditate on this, you who care- 
lessly flick cigarettes or leave un- 
quenched picnic fires on our beautiful 
mountain sides. 

Now that we have learned something 
of the part mosses play in nature and in 
human affairs, let us consider them from 
a botanical point of view. What are 
these mosses which we are to consider? 
Not the so-called sea mosses—they are 
marine algae, a much lower order of 
plant life. No true moss will grow in 
salt water or salt marsh. Not the 
ghostly Spanish moss of southern forests 
—that produces flowers and seeds. Not 
the long, pendant, gray mosses of north- 
ern forests—these are lichens, also a 
much lower order of plant life. 

Mosses are small plants varying from 
one sixteenth of an inch to rarely 
eighteen inches in height. They consist 
of stems, bearing so-called leaves, which 
perform the functions of leaves, al- 
though they do not correspond to the 
leaves of the higher plants. These 
leaves, having abundant chlorophyl, are 
in most cases but one cell thick. 

Mosses are spore plants, producing 
tiny one-celled spores instead of seeds, 
but they have very distinct sex organs. 
A single plant may be bisexual, like the 


rose or lily, or unisexual, as in the wi 
or most of the higher animals. 
spores are borne in little pods ca 
capsules, which are usually on a s 
stalk. In nearly all cases these capsu 
open with a little lid. Very often 1 

is a long beak, like a handle, whic! 

in lifting the lid when the spores 
ripe. Sometimes this beak may 
nearly as long as the capsule itself 

a raindrop or a beetle can easily kn 
it off. Underneath this lid, around 
mouth of the open capsule, is a 
fringe, called the peristome, which a 
in the distribution of spores. Mic: 
seopically, this is one of the most 
esting structures to be found in natur 
and the teeth of which the fringe is cor 
posed are often sculptured with intricat 
designs and beautifully colored, deep red 
or dark purple. 

When moist, this fringe closes mue 
like the flowers in the dandelion head 
and keeps the spores dry, and also pri 
vents them from being deposited in 
lump. As the peristome dries, it opens 
so that a passing breeze, the foot of a 
insect, or any other passing object maj 
scatter the spores into the air. Some « 
the peristomes twist up like a rope 
order to close, others simply fold uy 
until they form a compact closed con 
Still others have an inner peristome wit! 
holes, and an outer row of teeth fold 
over these holes and closes them. 

Mosses preceded the arrival of flower 
ing plants by untold ages, yet they had 
developed much the same devices for 
spore distribution that flower-lovers 
know so well as the means of the dis- 
tribution of pollen. Pollen, as the bota- 
nists tell us, is only a spore that has 
gone a little way on its development. 

The capsules of peat mosses burst 
when dried by the sun, sending out 
tiny cloud of spores several inches int 
the passing breeze, accompanied by 
whispered but distinctly audible ‘‘pop.”’ 
This is easily demonstrated by collecting 





+nhe 


Wher 
aps 


here 
Mi 
deve! 
mucel 
arri 
on d 
low 
out | 
ish 
tion 
visit 
Oth 
secr 
whi 
z= 
tina 
per 
ren’ 
exe 


spo 


Pp y] 


| 
Wil 
are 
ant 
col 
att 
the 


SCIENCE SERVICE RADIO TALKS 


the peat moss when its capsules are ripe 


and placing it near a fire or in the sun- 
snine. 

A very common moss in New England 
has capsules which look like a grain of 
wheat with a little tube on one end. 
When the lid falls off it leaves this little 
like the mouth of a _ blowgun. 
When a beetle or a mouse steps on the 
capsule the spores are shot out onto its 
coat and are carried away to be scattered 
here and there. 

Mosses of the Splachnum family have 
developed low tastes, catering to flies, 
much like the stinkhorn fungi and the 
earrion flower. These mosses grow only 
on dung or decaying animal matter. Be- 
low the spore cases some species spread 
out a bright-colored purplish or yellow- 
ish umbrella. This umbrella 
eretes a carrion odor, which, in connec- 
tion with the color, causes the flies to 
visit it and carry away the sticky spores. 
Other members of this family give off a 
secretion at the base of the capsule, 
which flies eagerly lap up. 

The spores of the water moss, Fon- 
tinalis, are sifted through a trellis-like 
peristome to be carried away in the cur- 
rent. It is to be noted that with the 
exception of these two families the moss 
spores are dry and powdery like the 
pollen of wind-pollinated flowers. 

Thus, as in the distribution of pollen, 
wind, water, animal and explosive force 
are used for distribution of moss spores 
and in the Splachnum family we have 
color, odor and something like nectar for 
attracting insects. It will also be noted 
that the foul odor of the animal matter 


} 
toh 
1De 


also se- 


induces the insects to carry 


where they will develop. 


been observed to go directly 


Splachnum capsules to fresh cow dung 


On moist soil, bark or rotten wood 


even on moist rocks, the microscopic 
spores develop tiny green threads called 
are like 


One 


protonema, which very much 
fresh-water 
the soil in 


covered with this green network. 


algae. may often se¢ 


rreenhouses and old fields 
From 
buds 


; 


threads arise leafy 


these 
which become moss plants, thus comp| 


green 


ing the life cycle. 

For one with imagination there is ad 
venture and romance in mossstudy. The 
species new to North America collected 
at the summit of the North Carolina 
mountains; the rare species from the 
continental divide in Colorado; the 
mosses collected in northern Alaska by 
the botanist Frederick Funston long 
before the time he collected in Aguinaldo 
in the tropical Philippines; the mosses 
collected in the arctic wastes by Admiral 
Peary on his way to the North Pole; the 
with 


memories associated mosses col- 
lected from the tropical jungles of the 
Florida Everglades and in the mys- 
terious the Dismal] 
Swamp, all have power to 
thrill the moss-lover. 

Like an affection for the birds, 
trees, the flowers, the rocks and the stars, 


great 
the 


wastes of 


these 


the 


an interest in mosses furnishes an incen- 
tive to life healthful 
recreation, inexpensive, free to all coun 
try dwellers and travelers, available at 


out-of-door and 


all seasons, in winter’s snows or sum 


mer’s heat. 





RESEARCH IN THE BUREAU OF 
INDUSTRY 


By O. E. REED 


CHIEF, BUREAU OF DAIRY INDUSTRY, 


WE have heard that ‘‘agriculture is a 
basic industry’”’ for so long that the full 
significance of the phrase was all but 
lost in its own reverberations until the 
depression disrupted economic stability 


and _ seriously 


living 


throughout the world 
threatened standards of 
where. 

Now the people of the United States 
are again coming to realize the basic im- 
portance of agriculture in our national 
welfare and its close relationship to their 
own individual prosperity. They now 
understand more fully why there can be 
no general national prosperity without 
a prosperous agriculture; such under- 
standing forecasts a more intelligent 
support of our Federal and State agri- 
cultural research institutions by a united 
people seeking their own economic secur- 
ity. Our Government is wisely attempt- 
ing to bring us out of the depression by 
‘*tailing up’’ the agricultural industry 
with the emergency powers of the new 
Farm Act, but the weakened ‘‘critter’’ 
will need the nutritious food of scientific 
research to keep it on its feet and to give 
it strength to weather future crises. 

Scientific research has been of immea- 
surable value to every branch of agri- 
culture in the past; from now on it will 
be needed more than ever, particularly 
in helping to meet inevitable adjust- 
ments in the changing and competing 
markets of the world. It is not enough 
merely to adjust the amount of produc- 
tion to the needs of the consumer; we 
must adjust other factors as well. Pro- 
ducing quality products, transporting 
and storing them to retain that quality, 


> ied 


every- 


U. 
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developing new kinds of products 
specific markets and cutting the cost 
production all along the line are pr 
lems and opportunities for agricultur 
science. 

No field of agricultural research of 
greater problems of beneficial results { 
all of us than dairy research- 
which contributes to the development o! 
a sound and prosperous dairy industr 
Nutrition specialists have demonstrat: 
that there can be no substitute for dair 
products in our national diet if we ar 
to obtain the maximum results in healt 
and to perpetuate a virile race throug 
properly nourished children. 


resear‘ 


Further 
more, it is imperative from the star 
point of national prosperity that 
build a sound and prosperous dairy ir 
dustry, for dairy farming comprises t 
largest single branch of the agricultura 
industry. On 70 per cent. of the farms 
of the United States will be found o 
or more milk cows, turning the products 
of the soil into milk and cream for sa 
or for use on the farm. The nation’ 
25,000,000 dairy cows account for near! 
one fourth of the total income receiv: 
by farmers for the sale of farm pr 
ucts, an income that has a wonderfu 
stabilizing effect on agriculture becaus 
it is more or less steady throughout 1 
entire year. More than that, the dair 
industry through its numerous branches 
provides a means of livelihood for count 
less numbers of people who are not 0! 
farms. It provides jobs and income f 
men who truck the milk to the creamery 
for great numbers of men in dairy 
plants who make butter and cheese and 
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eream, for men who work in the con- 
ienseries, for others who bottle and dis- 

bute milk to city doorsteps, for men 
who load tubs of butter and cans of milk 
n trains and on ships. 

In an effort to develop and establish 
q satisfactory dairy industry in the 
I'nited States the Federal Bureau of 
Dairy Industry is engaged in a pro- 
eram of scientific research designed to 
bring about three principal results: (1) 
Greater efficiency and economy in the 
production of milk and in the manufac- 
ture of its products; (2) improvement 
in the quality of milk and cream on the 
farm and of dairy products in the fac- 
tory; and (3) a utilization of 
dairy by-products. 
these 


wider 

The 
tainment of three results should 
eo a long way toward lowering the cost 


successful at- 


f dairy production, increasing the con- 

sumption of dairy products, and increas- 
ing the prosperity of the dairy farmer, 
the manufacturer, and the distributor; 
and at the same time provide a greater 
portion of our people with dairy foods 
that are wholesome and economical. 

The unit of production in the dairy 
the and 
much of our research has been directed 
toward improving her efficiency as a 
milk-making machine. We know from 
our study of thousands of records of 
milk production and cost of feed that 
the high-producing the most 
profitable cow. She may eat more feed 
than a lower-producing cow but she re- 


industry, of course, is cow ; 


cow is 


turns more income per dollars’ worth of 
feed. In 1931, for example, in dairy- 
herd improvement association herds on 
farms where butterfat was sold for 30 
cents a pound, a cow that produced but 
100 pounds of butterfat a year did not 
return enough to pay for her feed. But 
the cow that produced 150 pounds of 
butterfat returned enough to pay for 
her feed and $8 in addition. The cow 
that produced 300 pounds returned $38 
in addition to her feed cost, or almost 


INDUSTRY 
5 times as much in income over cost of 
feed as the cow that produced only half 


as much butterfat. The cow that 
duced 500 pounds of butterfat 

more 
+h income over feed 


that 150 


$82 in addition to her feed cost, or 
than 10 times as mu 
cost as the cow produced 
pounds. 
But the average dairy cow in the 
United States produces only about 180 
pounds of butterfat in a year. Obvi- 
ously then a great many of the 25,000,000 
dairy cows in the to-day pro- 
than the 


sands of them fail to produce enough to 


country 


less and thou- 


duce average, 


pay market value for the feed they con- 
sume. Furthermore these inferior cows 


continue to add their yearly quota of 


unprofitable offspring to the herds of the 
eountry. The dairy farmer has no way 
of knowing for e in whether a heifer 
be a profitable 
has been 
By that time 


years old and will 


born in his herd will 


producer or not, until she 
milked for at least 


she will be elose to 3 


a year 


have cost him from $100 to $150 for her 
keep. 


It is estimated that more than one 


} 


third of the 5 or 6 million heifers raised 
for replacements each year turn out to 
be unprofitable producers 


To eliminate the enormous loss caused 


by raising heifers that are predestined 
to be unprofitable producers, as well as 
to raise the per-cow producing efficiency 
of our herds, it is essential that we de 
velop a scientific breeding plan whic] 
farmer of cor 
from his 
different ideas, 


will assure the dairy 


uniform results 


The 


theories and practises with 


and 
matings. 


sistent 
many 
regard to 
breeding high-producing animals have 
not 

sults. 


accomplished uniformly good re- 


True, many high-producing indi- 


vidual animals have been developed here 


and there, and even whole herds have 
been brought to a high average level of 
production. But few if any individual 
breeders have been financially able or 


scientifically inclined to carry on breed- 
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ing experiments under ‘‘controlled con- 
ditions’’ or for a sufficient length of 
time to accurately determine the merits 
of their particular theories and prac- 
tises. A practical breeding program in- 
volves more than a system of mating 
outstanding individuals. It involves a 
knowledge of many fundamental facts 
about heredity, health, nutrition and 
countless other phases relating to repro- 
duction. And since such a program is 
obviously a national necessity its devel- 
opment has become a task for the gov- 
ernment research worker. 

The Bureau of Dairy Industry started 
the task of developing a scientific and 
practical breeding program in 1918 by 
making an extended study of existing 
theories and practises. Dairy breeders, 
like breeders of other live-stock, had for 
many years been divided into three 
schools of thought regarding the best 
system of mating to obtain desired re- 
sults. One school advocated linebreed- 
ing, another close inbreeding, and the 
third would mate only unrelated ani- 
mals. Along with these practises went 
a number of other ideas of breeding, the 
result being that farmers and breeders 
were working in a maze of theory with- 
out any scientific basis for guidance. 
Since no actual experimental work had 
ever been carried on under controlled 
conditions to determine whether one sys- 
tem was more likely to produce desired 
results than another, experimental breed- 
ing herds were established at the Belts- 
ville farm and at various other field 
experiment stations to test the respective 
merits of inbreeding, linebreeding and 
outerossing. Projects were planned to 
continue indefinitely, or until the results 
could be considered conclusive. 

Students of genetics had by that time 
come to some rather definite conclusions 
about the laws of heredity. They saw 
little possibility of applying these laws 
to the breeding of dairy cattle, however. 
It remained for the bureau scientists to 


point out the application of the ney 
knowledge of heredity in the selectioy 
of dairy sires. As a result of statistica| 
studies, involving many production ree 
ords of registered dairy cattle, the 
concluded that the most successful sire 
is one that is ‘‘pure,’’ or homozygous 
in his general make-up for factors that 
govern the transmission of high milk 
and butterfat production. The better 
understanding of heredity indicated that 
the best way to measure a sire’s germi- 
nal make-up, or transmitting ability, is 
through a study of the production ree. 
ords of a large number of his daughters 
The bureau scientists then reasoned that 
if a sire has demonstrated his ability to 
beget daughters all or most of which 
are better producers than their dams, 
this may be taken to indicate that he 
has a high degree of homozygosity, or 
**purity’’ in his germinal make-up, for 
the factors that determine high produc- 
tion. They reasoned further that the 
use of such homozygous sires in a herd, 
for generation after generation, would 
gradually build up the inheritance in 
the herd until it is fixed for a high level 
of milk production, a high butterfat test 
or both, depending on the basis of se- 
lecting the sires. 

Out of this new knowledge has come 
the so-called ‘‘proved sire’’ system of 
breeding, in which attention is centered 
on the use of sires that have proved their 
ability to sire daughters that are better 
producers than their dams. 

For nearly 15 years now we have been 
selecting sires on this basis for the breed- 
ing herds at our various field stations 
and we have made remarkable progress 
in developing strains or herds that are 
approaching purity in their inheritance 
for high production. Also during this 
time our experiments with inbred and 
outbred animals have indicated a most 
important principle, namely, that whe! 
a sire has proved, through the produc 
tion performance of his daughters, that 
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he is homozygous for the factors that 
iectermine high production, he will 
‘ransmit the inheritance for high pro- 
duction to all his offspring regardless of 
whether he is related or unrelated to the 
females with which he is mated. It also 
ppears that such unrelated sires, within 
, breed, have the same factorial make- 
up for milk production. This is impor- 
tant, indicating that selection of sires 
need not be confined to the same family. 

In our experimental herds we are 
ising proved sires, generation after gen- 
ration, without regard to their relation- 
ship to each other. At one station we 
ire using Holstein sires that have proved 
that they possess an inheritance for a 
high butterfat test. We already have 


records on the daughters of the third 
proved sire used in this herd and these 
daughters have butterfat tests ranging 
between 3.7 and 4.0 per cent. It appears 
that we are well on the way toward fix- 
ing an inheritance for a 4 per cent. level 


in this herd. 

As a result of our progress in develop- 
ing pure-line-production herds and in 
spreading genetic knowledge, farmers 
and breeders are taking a keen interest 
in the use of proved sires to head their 
herds. At present, however, the number 
if bulls that prove to be genetically pure 
is very limited, but we have demon- 
strated that the sons of proved bulls can 
be used with greater assurance that they 
will transmit high production than un- 
tried bulls. As a part of our breeding 
studies at the various field stations, all 
young sons of proved sires are placed in 
farmers’ herds in the vicinity of the sta- 
tion for the purpose of proving their 
transmitting ability. The 505 daughters 
if 52 young Holstein bulls loaned to 
farmers near the Huntley, Montana, sta- 
tion have production records that exceed 
their dams’ records by an average of 
1,601 pounds of milk and 69.15 pounds 
of butterfat. Of these 505 daughters, 
384 exceeded their dams in milk produc- 


tion 
The 


and 412 in butterfat production. 
76 daughters of 12 young Jersey 
bulls loaned from the Beltsville 
have that their 
records by an average of 716.5 pounds 
of milk and 57.4 pounds of butterfat. 
Of these 76 daughters, 48 exceeded their 
dams in milk production and 58 in but- 
terfat production. 


Because great sires are few and far 


herd 


records exceed dams’ 


between, much of our research work is 
directed active 
life of all known proved sires, or toward 
perpetuating their ‘‘superior germ 
plasm’’ in other ways. For that reason 
we are studying the factors involved in 
artificial insemination and in the preser- 
vation of bull spermatozoa. If sperm 
cells could be kept alive for a period of 
several days, semen from a great breed- 
ing sire could be used on females coming 
in heat later on, or it might be trans- 
ported over long distances and used to 
inseminate a number of animals. To 
date we have been able to maintain the 
viability of sperm cells for 82 hours 
under laboratory conditions. Other re- 
search work has shown the importance of 
enforced exercise and of certain feeds, 
particularly sprouted oats, in maintain- 
ing fertility in aged sires. The average 
sire will not breed beyond the age of 10 
years, but we have been able to keep a 
few fertile to the age of 16 years. 

While we are attempting through 
breeding research to develop an efficient 
*‘milk producing machine’’ we are not 
losing sight of the fact that the economi- 
cal performance of the machine depends 
to a great extent on the ‘‘fuel’’ or feed 
we supply. For many years the farmer 
merely gave a milk cow what feed he 
had handy, and let her do the best she 
could with it. Now we know, as a result 
of our research, that the kind and quan- 
tity of feed affect her efficiency, or prof- 
itableness, in three ways. Feed affects 
(1) the quantity of milk produced, (2) 
the nutritive properties of the milk, and 


toward prolonging the 
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(3) the health and reproductive func- 
tions of the cow. 

Roughages, which are the natural and 
cheapest feeds for dairy cows, until very 
recently had not received the attention 
from research workers that their impor- 
tance warranted. Our studies in nutri- 
tion have uneovered some immensely 
interesting facts about the value of dif- 
ferent kinds and qualities of roughage. 
It was long known that alfalfa hay con- 
tains much more protein and calcium 
than timothy hay, but we have found 
that alfalfa hay also contains other 
properties of nutritive superiority, par- 
ticularly vitamin A. Furthermore, we 
have found that these properties vary 
not only with the kind of hay, but with 
the different grades or qualities of a hay. 
Feeding experiments indicate that the 
vitamin A content of No. 1 alfalfa hay 
is 4 times as high as that of No. 3 alfalfa 
hay, 10 times as high as that of No. 1 
timothy, and 30 times as high as that of 
No. 3 timothy. Cows fed the year round 
on grain and No. 1 alfalfa hay will pro- 
duce satisfactorily and yield large quan- 
tities of milk for periods of from 5 to 10 
years at least, whereas cows that are fed 
on grain and No. 3 timothy Hay will not 
only begin to throw premature calves 
and dead calves within 6 months but will 
usually die or become useless as dairy 
animals within 3 years. 

Other research workers had shown 
that there is a close relationship between 
vitamin A and carotin, which is one of 
the yellow pigments of grasses and other 
forage crops. It is now known that this 
vitamin is formed in the body of the 
animal from carotin in the feed, and 
transferred to the milk. The carotin 
content of the feed therefore becomes of 
great importance in feeding dairy cows, 
not only to maintain their health and 
reproductive functions but to keep the 
vitamin A content of the milk high for 
human nutrition. 


We now have evidence that the 
the hay the higher its carotin conte 
we have recently started some 
ments to determine the best met! 
euring and storing hay in order t 


serve its natural green color. So fa: 


have found that hay stored in 
sence of light and air and at a tempe: 
ture near freezing for 8 months wi 
Artificially dried hay that 
content 


no color. 
a low moisture 
color when stored in the absence of 
and air and at room temperature; 
there was no excessive loss of color y 


lost but 


it was exposed for 8 months to eit 
diffused sunlight or air, or both 
naturally cured hays had less color 
more moisture than the artificially dri: 
hays and when stored in the absenc 
temperature 
Apparently, q 


air at room sustain: 
marked loss of color. 
and thorough drying is the main 
in making hay that will have and 
a high color. 

These investigations 
shown the importance of improving 
quality of roughage from the stand; 
of the effect on the nutritive propert 
of the milk, but they indicate that 
growing and feeding of good roug 
to good cows affords the dairy fan 
his greatest opportunity to reduce 
eosts. Actual feeding experiments pr 
that roughage is more nutritious 
more palatable when cut in the ea 
stages of maturity than when allowed t 
ripen before cutting, and that tl 
mature cuttings yield more protein 
acre. We have also shown that im 
ture grasses, in the form of green 
ture, hay, or silage, are far superio 
mature grasses in maintaining 
yield. Furthermore, crop produ 
surveys have shown that the nutr 
required for milk production are ge! 
erally produced cheaper in the form 
roughage than in the form of grain 
a feeding experiment at one of our f 
stations cows that were fed nothing | 


have n 
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good alfalfa hay produced 7d per cent 

ich butterfat as when they were fed 
eavily on grain, with roughage, and at 
ipproximately half the cost. This in 


formation suggests that dairy farming, 
many instances, would be more prof 
table if the farmer would devote all or 
st of his land to pasture and forage 
rops, and feed grain only when the 
price of milk and the additional yield 
would warrant the purchase of grain. 

A profitable dairy industry depends 
n other factors than efficient and eco- 
mical production on the farm, how- 
ever. The quality of milk and of its 
various manufactured products plays an 
important role, not only because the bet- 
ter quality products usually sell at a 
premium but because satisfactory qual- 

exerts a favorable influence on total 

nsumption of dairy products. 

To be of the highest quality, milk 
must be clean and sweet, pleasing in 
flavor, and free from abnormal odors and 
undesirable bacteria. The first essential] 
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The tendency to-day is to past 


practically all milk sold for 
sumption. But this practise 

come established without « 
opposition at first Pasteurizatl 

first recommended for milk by a n 
American health authority in 
nearly 30 years after Louis Pasteur, « 
Franee, had found that heating would 


prevent souring and abnormal fermenta 


; 


tion in wine and beer. At first the 
ing of milk was don 
the sole purpose 

to save losses to de 

jections were 

many scientists studi 

provided fundamenta 


bacteriology and chem 


this work the Bureau 


an important par 
that, from the 
point, proper pasteu 


¥° 
lit 
| } 


milk in the econ 
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DAIRY FARMERS STUDYING RESEARCH RESULTS 


DELEGATIONS OF DAIRYMEN ARE A COMMON OC(¢ 


TESTIFYING TO THEIR INTEREST IN 


duced under sanitary conditions but 
with the danger from pathogenic bac- 
teria eliminated. They also showed that 
approved methods of pasteurization pro- 
duced no objectionable chemical changes 
in the milk. 
cepted by health authorities, scientists, 


The process is to-day ac- 


and dairy interests as the best means of 
killing pathogenic bacteria in milk on a 
commercial scale. 

Millions of gallons of milk are rejected 
from the fluid milk market every year 
because of undesirable feed flavors and 
odors. If such milk were accepted it 
would have a very detrimental effect on 
consumption, for it is a fact that the 
quantity of milk consumed is dependent 
primarily on its palatability. In the 
course of studies started 20 years ago to 
determine how to avoid these undesirable 
flavors and odors we found that the 
flavors and odors from feeds and weeds 
eaten by the cows pass through the body 
of the cow to the milk in the udder, in- 
stead of being absorbed directly from 
the air as was formerly believed. We 
found also that some feeds and weeds 
continue to impart their characteristic 


URRENCE AT THE BELTSVILLE EXPERIM 


THE RESULTS OF DAIRY RESEARCH. 


flavor to the milk for a mue 
time than others, after the cow 
them. For instance, garlic, whic 
of the most troublesome weeds 
respect, flavors the milk within 
minutes after the cow has eaten 
the flavor does not entirely dis 
for about 7 hours. In facet, gar 
flavor the milk when the cow mer 
hales its odor. Other feeds, we 
impart their flavors to milk for 
hour or two, so out of this knowl 


have evolved practical feeding p 
by which dairymen can get the | 
of certain highly-flavored feeds 
as silage, turnips, cabbage, kale, 
beets and the like, and yet produ 

that is normal in flavor and odor 

most feeds impart their flavors t 
for only a few hours after feeding 
possible to avoid their flavors by 

immediately after milking and n 
fore. That gives the flavors time 1 
appear from the body of the cow 

the next milking. If tke principl 
down by our research workers we! 
lowed more generally by dairyn 
would add from 15 to 20 million « 
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eterlorations 


utter is made from 
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} 


y to the value of milk sold from 


‘ty vears ago when we began our 
investigations the creamery in 


S was comparatively new. Less 


» third of all butter made in this 


trv was made in creameries, the rest 
The 
methods of 


ne made on the farms result 
is a great variation in the 
ng and in the quality of the prod- 
Nearly all butter held in 

] 


veloped fishy, oily or 


storage 
metallic flavors 


, ‘ 
ising Serious LOSS In Value 


Our early 


; 


vestigations showed that many of the 
in butter were chemical in 
ture and that the acidity developed in 
e cream was an important factor in 
erating changes in the butter The 
iriier practise, developed before pas 
urization was generally adopted in the 
ter industry, was based on the as- 
umption that a high acidity was neces 
inhibit action in the 

tter Since the detrimental effect of 


shown 


bacterial 


idity was nearly all factory 


cream with a low 
idity and the troubles from fishy, oily 


metallie flavors have nearly disap 
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peared. A large quantity of butter 


now made from pasteurized cream wit 
out any ripening whatever. This is 
so-called sweet-cream butter, whic 


first recommended by this Bureau 


the navy, and whie m accoul 
superior keep Ye qualltles S espe 
adapted for s| pmet ~ Ss 
butter is known as sweet-cream butt 
and is made from ecrean 

in which the acid is been prop 
standardized | proved qua 


creamery butter, together with n 


other scientific dey pments in fact 
butter making, has been largely influe 
tial for the chang l butter n 
from the farm basis 


day more than three 1] This 


butter is fact rv n 


Research by the Bu 18 8 
has also played an in rtant p 
vreat Improvement ! qua 
cream in the last decade. In the be 


ning of the 
try the product contained a low prop 
tion of t 


commercela e cream 1) 


nose valuable materials in n 


that are known as milk solids, and it 


rarely ever made from pasteurized m 








EXERCISING BULLS 


ENFORCED EXERCISE HELPS TO PROLONG THI 





AT BEL 


ACTIVE LIFE OF O S 




















LABORATORY 
ADDITION TO PRO 


A DAIRY 
FUNDAMENTAL 


RESEARCH 

RESEARCH, IN 
DUCING RESULTS OF IMMEDIATE PRACTICAL VALUE, 
OFTEN PRODUCES INFORMATION WHICH LEADS TO 

UNEXPECTED DEVELOPMENTS. 

and cream. Early in its studies of con- 
sumer preferences the Bureau found that 
most persons preferred ice cream rich in 
butterfat, sugar and milk solids not fat. 
However, when manufacturers _§at- 
tempted to increase the percentage of 
milk solids they had difficulty in making 
a product that was free from grittiness, 
the 
Research work on this problem 
indicated that 
an excess concentration of milk sugar, 
which formed when the ice 
cream was subjected to varying tempera- 


or ‘‘sand’’ as characteristic was 
termed. 
‘*sandiness’’ was due to 
eryst als 


tures in the hardening rooms or in the 
Methods 
developed by which a large percentage 
of the milk 
milk can be removed. 


dealers’ cabinets. have been 


sugar in condensed skim 
The resulting con- 
densed skim milk, low in milk sugar con- 
tent, to inerease the milk 
solids content of ice cream from the nor- 
mal 10 per cent. to 12 per cent., without 
the danger of sandiness. If as a result 
of this work the average milk solids not 


ean be used 


fat content in ice cream should be raised 
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by only 1 per cent. it would pr 
additional for 1,540 
pounds of skim milk annually 


The 


products is dependent on the e 


market 


manufacture of nearly 
the growth of bacteria. This eont 


not be exercised properly .N 


knowledge of the conditions w 
ern the growth, 
death-rate of the bacteria Aft 


vears of 


the activities 


study and research in 
tion with these basic problems 


reau scientists have recently p - 


methods of making Swiss che 


quality equal to the importe 


Their investigations establis} ed 
that the quality of Swiss chees 
pendent largely on the growth, 
proper rate and in definite sequ 
at least 3 species of bacteria. ‘1 
Swiss-cheese makers produce 

grade product the Bureau now su 
cultures of these bacteria for maki: 
About 25,0! 


pounds of Swiss cheese is now n 


richt kind of starters. 


nually in this country and eac! 
increasing percentage is being 1 


the culture methods; and since 


ture cheese ordinarily sells for 2 





pound more than non-culture ¢ 
research has a potential value of at F 
$500,000 a year to the dairy indust 

Such 
tion to the results of immediate pract Thi 


fundamental research, 
value, often produces information te eff 
leads to unexpected developme! ts ny 
connection with these early studies States 
gvas-forming bacteria in cheese, or dem. 
the Bureau scientists became inter th a 
in the effect the growt ikl 
bacteria. At that time it was cust nstr 


of acid on 


to measure the acid in bacteria p rred 
tions by titration, although it was 

known that titration measured t! gh d 
tity rather than the intensity of t ringi 
Physical chemists were ydrog 
that the intensity of the acid as point 1 
t] small { 


present. 


mined by the dissociation of 
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by determining the 


easured 

ion concentration, was of 
significance than the value de 
The 


Tact 


by titration Bureau 


pointed that the 


e of bacterial growth in any kind 


out the 


to the hydrogen-ion 


m was due 


tration, or a and not 


i ‘id intensity. 
titratable acidity; thus a few 
one per cent. of hydrochloric 


vhich is strongly dissociated 


ive the same effect on bacteria 


2) per cent. of a weaker acid like 
vhich is only slightly dissociated 
eveloped accurate methods for 
hvdrogen-ion coneentration 
book 
the 

world 

sized a series of indicators by which 


could be 


suring 


published a on the subject 


became standard work 


ughout the He also synthe 
vdrogen-ion determinations 
ide quickly and accurately. 
While this new understanding of the 
ion of hydrogen-ion concentration 

control of bacterial growth was 
Bureau worker’s absorb- 
it has had 


many 1n 


result of a 
pure science’’ 
effect in 
To-day the laundry 


terest in ‘* 


‘ 


far reaching 


stries 





industry 


ntrols the reaction of its wash waters 


d rinse waters by means of the indi- 


; 


LLOTS developed in the Bureau’s labora- 
This information also had an immedi 
te effect on our other investigations of 


When the United 


States went into the world war there was 


nature. 


practical 
demand for a large amount of casein 
a high degree of purity for use in 


ring 


¢ waterproof glue 
The 
| to this Bureau and it was imme- 
that 


eh degree of purity could be made by 


for airplane 


struction. problem was re- 


‘ly determined casein with a 


‘Inging the skim milk to a certain 


ydrogen-ion econcentration, at which 


+ 


point the easein would be precipitated in 
firm flecks, which would permit a 
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tnorough washing t remove impurities 
The method proved to be satisfact 
Methods now in use in making comn 
cial casein are based on the fundament 
nformation developed at that tin 
Along about s time we wer S 
vorking on the n s involved in 
ripening of Roquefort ese. Ins 
ng the acid formatio1 ese n s 
found ne that was ex *ptior ills i 
in producing citric acid by the fer 
tation of sugars. By applying F 
knowledge of hvdrogen-ion conece) 


tion we were able to control the growt 


of the mold by controlling the react 
of the medium on which it was grow 
thus providing conditions favorable 


the growth of this particular 


unfavorable to the growth of contan 
nating bacteria. This was the first time 
that molds were used in commercial fer 
mentation. A chemical 
manufacturing a large quantity of citric 
acid by the use of this method, which 


company Is now 


displaces the citric acid formerly pro 


j } 














MAKING 


SWISS ( 


HEESE 


AMERICAN CHEESEMA tS CAN NOW MAKE S 

HEESE OF AS GOOD QUALI’ AS HE IMPORTED 

CHEESI BY FOLLOWIN¢ APPROV » METHOD OF 
BACTERIOLO‘ A ONTRO 
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CASEIN USED FOR PAPER COATING 


DAIRY SCIENTISTS, IN COOPERATION WITH THE I 


METHODS FOR MAKING PAPER-COATING CASEIN, 


SUREAU OF STANDARDS, HAVE DEVELOP! 


THIS MACHINE IS IMPARTING THE SP! 


REQUIRED FOR HALF TONES, 


duced from citrus fruits and imported 
from Italy and Greece. 

The third major field of 
through which the Bureau seeks to en- 
hance the profitableness of the dairy in- 
dustry is concerned with the develop- 
ment of new ways to utilize dairy 
by-products. More than 3,500,000,000 
pounds of milk solids are contained in 
the skim milk, buttermilk, and whey 
produced as by-products in the manu- 
facture of butter and cheese each year. 
These by-products are often wasted or 
utilized so inefficiently that the returns 


to the producer are small. 


research 


Considerable progress has already 


been made as a result of our research in 
the chemical and bacteriological phases 
of milk. 


Several years ago we discov- 


ered that certain difficulties in 
ing skim milk to a point at wi 
acidity would be sufficient to ma 
product self-preserving could bé 
come by using special high acid } 
ing cultures. About 75 million } 
of skim milk are now converted int 
eentrated sour skim milk annua 
form in which it may be held indefi 
or transported long distances for f 
to poultry and hogs in sections 
there is a shortage of dairy produ 
We have also found that modifi 
in the methods of manufacturit 
milk powder will greatly iner 
desirable effects when inecorpor: 
bread and ice cream, and it is est 
that if all the bread were made w 


‘ 


most desirable quantity of sku 




















there 
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would be a 





satistactory 


wr all the skim milk produced in 


making. 


Bureau has 


long considered 


the 


ties of marketing much of our 


R lk in the form of easein. Casein 
. for many purposes, but more 
io per eent. of all casein sold ! 


intry is used by the 





< Until the las ew vears more 

t the caseln used l Tlie Ui ted 

st ~ Ls Imported, eh fly b use our 
stie product was 1 r qua 

1) mestic caseln is OW rine! 

and greater uniform irgvet\ 

use of the information eveloped 

1 introduced into comn il practis 

the Bureau 

In the manufacture of cheese and 
sein, vast quantities of whey are pi 

luced and every 100 pounds of this 


ey contains from 4 t 


UK sugar. 


nstituent of baby 


celience 


il» 


1iSO used 


in making medi 








‘inal 


2» pounds of 
The value of milk sugar as 
foods and in 
liet of patients suffering fri 


the 


ym intestinal 


lisorders has lone been known to medi- 


Considerable quantities are 


tablets 
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The 12 million pounds manufact 
annually is far less tha ild be 
duced if there were a greater dem 
for it and that is why we are end 
ing to develop new uses Sy 

Ih K S d \| . S ~ 

SW ism ( S ~ 
GOUDTeCaALY Is S| s - ~ 
LS nthe ¢ \ . 

\ I ! ~ 

ll l b \\ } < } 
COVe!l nha ~ 

4 Swe SS 

s ib T\ T ] 

rorn T ‘ s 

i t new ! ~ ‘ ~ ai 
. r ef} s ne P ler for) 

! tn ! ! S 1S 
milk sue : ae 
mal ISNCS ” 7} S ’ ; . 
tries, as for ins n ¢ol t 
il d nh @Xploslives Vir neo tf = 
can b pl duced sufficient 
cost The Bm 1 S velop n 
ods by which a satisfactory gf 
sugar can be produced 1 cost ma 
ally lower than that of the ordi 
pharmaceutical o 


PROFESSOR ARTHUR E. KENNELLY 














Meda I the 
Engi 


Americeai 
neers, whiel 
Arthur E 


1933, was con 


Edison 

[ns ite of Electrical 
warded to Professor 
Kennelly in December, 


on | im persol al \ with appr 
te ceremonies at the United Engi 
ng Societies Building in New York 
Jai uary 24. Tl IS 


ft Mr 


Edison who had been associated wit 


he evening ol 

was established by friends « 
h his 
evelopments of the incandescent elec 
tric lamp and systems for the distribu 
ion of electricity. ts purpose is to de 
honor to Mr. Edison’s name and to cele 
brate further ‘‘ Achievement in Electric 


ity.”’ It is one of the notably distin- 


euished medals which are conferred 
solely in the engineering field and for 
distinguished achievement therein. The 
first Edison Medal was awarded in 1909 
Elihu 


followed as recipient in successive years 


Thomson, who was 


to Professor 


by Sprague, George Westinghouse, Wil- 


liam Stanley, Brush, Bell, Tesla, Carty, 


Lamme, Emmet and like distinguished 


contributors to our understanding of 
electrical phenomena and to the utiliza 
Twenty-three 


tion of electrical power. 


of these medals have been conferred in a 
quarter of a century, there having been 
two omissions of annual awards. 


The Dr. 
now emeritus professor both in Harvard 


latest recipient, Kennelly, 
University and in the Massachusetts In 
stitute of Technology, was born in Bom 
bay, India, in 1861, of Br 
His early education was in schools in 
England and Scotland. At 
fifteen he became a telegraph operator in 
England and 


itish 


parents. 
the age of 


two years later took up 


vork as assistant electrician of a cable 


station and thereafter became chief elec 
trician in eable-laying work, which char- 
‘ter of work has continued with him as 
memory of heart’s love. It was during 


hese years that reflection and reading 
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THE PRESENTATION OF THE EDISON MEDAL TO PROFESSOR 
KENNELLY 






























contributions e! 
Coming ) s n 1857 
essor Kent n b 
An 1 prin I S x 
reputa n du S S 
become interna 

Professor Ke s bee 
1uthor in the f » 
of his writings xerted as 
fluence on the t l ele 
gineering in certall ispects 
Circult analysis, al these proau 
are well acclaime by competent st 
dents in our engineering colleges 
the e ectrica INdadustries He Nas Lis 
been much sought after as a 
here and abroad, as is witness ) 
professorships and his selection 


winter of 1921-22 as an exchange 
fessor with France and in the autu 
1931 as Iwadare lecturer in Japa He 
is a member of many learned s ties 


and has heretofore received many uA 


ican and foreign honors. The men 
significance of his contributions 

trical engineering is wi proves : 
honors from his colleagues in that bi 


of learning He was elected pres 
of the American 
Engineers in 1898 and was reel 


1899, in which post a second term is 


most unique. He now is an hor 

member of that society as we S 
corresponding societ) f Great B 

and of France 


The Edison Medal was confer 





Professor Kennelly with the 
citation: **‘ For meritorious achieve 

1 electrical sclence rica ! 
ing, and the electrica S as’ exen 
fied by his contributions to the t 
electrical transmission and t the deve 
opment of international electrical st 





ards 


His authoritative writings 








































JOINERS) 
AHA iM 


} . 1 
electrical engineering have ranged over 


a wide area, comprising submarine 
cables, electrical communication appa- 
ratus, electrical machinery, electric cir 
cuits and radio communications. His 
endeavors have been exerted also in many 
fields aside from electrical engineering 
These are exemplified, for example, by 
his strong advocacy of the adoption in 
this country of the metrie system of 
weights and measures for manufacuring 
His interna- 


tional influence is well illustrated by his 


and commercial purposes. 


association for many years with the In- 
ternational Electrotechnical Commission, 
and by his now occupying the post of 
president of the International Scientifie 
Radio 


Union as the suecessor of the 


Witus Ray 
the aerologieal 


former chief of 
division of the U. S. 
Weather Bureau, has been appointed by 
Franklin D. Roosevelt to the 
position of chief of the Weather Bureau. 


GREGG, 


President 


Mr. Gregg brings to these greatly broad- 


ened responsibilities an ample eduea- 


tional foundation, obtained at Cornell 
University, where he received his bache- 
1903. To this he 


has added 29 vears of intensive training 


lor of arts degree in 
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rieatly esteemed Genera b 
Kranee. 

Electrical engineering in An 
peculiarly indebted to Profess 
nelly, among other things, for 
dent support of the merits of hyp 
trigonometry in electrical eng 
computations and his continued 
try from 1905 to 1915 in computi 
publishing tables and charts of 
bolic functions so as to fill the gap 





then existed in such working data 
sociated with this work were many 


minating geometric interpretatio. 


the mathematical equations and eq 


illuminatine discussions of mec] 


analogies of electrical impedances 


D. ( 


THE ADMINISTRATION OF THE WEATHER BUREAU 


Weathe 


Beginning at the bot 


and experience in actual 
reau work. 


an assistant observer at Grand Raj 


Michigan, in 1904, he has rise 
top of his profession 

Having specialized in upper 
search during the last 16 years, 


at all times been in the front 1 
serving the rapidly developing a\ 
industry. He is the 


lent text -book. ** Aer 


author of ai 
nautical Me 








THE 





ich is simple enough for thi 
and the pilot, yet advanced 
satisfy the technical studet 


member o1 
( mmittee tor Aerona ILleS, the 


\. S. and numerous other scie} 
philosophical societies Ile has 
many valuable papers 
ete} Wit! s rip xpe 

\li (art eombines p Ss 

Hess mind pleas 
7 p "2 0)) ~ | 
1 ~ } ~ 

ro minis : 


Ship e bure l o 
mipresses ne as valuable 

e Both Presidents Hoover at 

‘ velit shared THIS Op non ni CO) 


Dr. Marvin more than five years 
the usual retirement 
retained as an associate of Mr 
y to assist him in grasping the reins 
s complex bureau until Dr. Marvin 

rounds out an even half century of 
Weather 


int of Dr. Marvin’s valuable service 


Bureau service. An adequate 
people of the I nited States in 
book 


His first college degree was attained in 


50 years would require a 








anical engineering at Ohio Univer 
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levis rj Dr. M I] 
}) ~ ~ ~ 
tiv S S . 


\\ 

b . 

Dr. M 
Was 
lt ‘ 
ll 
t) ~—s ~ 
} ’ ~ ~ 
) ’ ? ‘ t) ~ 
the exivel Ss 
try Is Passi 
revered ehiel 

A committee of the Science Ac ‘ 
Board. set up by President R wf 
in 1933 Was assigned To Weathe B 


reau problems Its report, re 
handed up through the Secreta! 
Agriculture to the President, 1 
that Weather 


touches the 


Bureau service probal 


; 


daily iives ot more Dp 





4 





> 
| 


<@ — fv 


CENTRAL OFFICE OF THE U. S. WEATHER BUREAU AT WASHINGTON, D. | 


ha 





ry , “s xT TTY 
THE SCIEN 


[FIC 








DR. C. F. 


RETIRING CHIEF OF THE UNI 


than all other federal services combined, 
with the single exception of the postal 
service. 

The Weather Bureau has always been 
cognizant of the three-dimensional na- 
ture of its atmospheric problems and, by 
the use of kites, balloons and finally air- 
planes, has sought to bring together 
upper-air data of sufficient quantity and 
promptness. Airplane observations have 
proved most dependable, but it costs 
about $10,000 a year to maintain one 
flight of required altitude daily at a sin- 
gle station. Weather Bureau appropria- 
tions provide for only four airplane 





MARVIN 


TED STATES WEATHER 


stations. 


tively for cooperation with the 
Navy and technical schools so tl 


number 
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I ' 


RE 


A 


stations 


The committee arranged t 


A 


creased to about 25 as a beginning 


it is hoped that others may be ad 

With these improved facilities 
be possible to reach the dignity ol 
Mass Analysis,’’ 
celebrate the acquisition of bette: 


a 


new 


and the achievement 


of forecasting. 


method 


Gradually, 
introduced 


become available and personnel ca 


trained. 


There is also the possib 























thing of the same completeness as are clamoring 
at the surtace of the earth. important stat 
th a decrease in appropriations of and the standa 
7,836, or 35 per cent., in the last have been low 
years, in the face of continually in- places. The p 
ing demands for service, the new /arger part of 
is confronted with extraordinary but if some g 
nistrative problems. Aviation is should occur, the 
ticularly helpless without adequate toll. It ean 
Bureau service 


ther Bureau assistance. vet aviation 


? 


not be fully served with the funds 
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WILLIS R. GREGG 
NEw CHIEF OF THE UNITED STATES 


Vy or seasonal! forecasts when the vices ti 


; 


logy of higher levels has been merce 


ished up into the stratosphere with though 


1 yice COst 


ible without drawing from the ser- 
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as much as $100 
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FRITZ HABER 
SHED GERMAN CHEMIST, WHO DIED IN SWITZERLAND ON FEB 
PROFESSOR HABER W RECTOR OF E KAISER WILHELM INSTI1 
AND ELECTROCHEMISTRY. IN 1919 HE WAS AWARDED THI 


COVERING THE ‘‘ HABER-BosScH’’ PROCESS FOR THE FIXATI 
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MAN—PAST AND PRESENT—IN THE FIELD MUSEUM 


he 
History, Chica: 
two new large exhibition hall; 
partment of Anthropology. The 
Age of the Old World 


} 


the storv of mans evolution 


TS Lilt 


the Stone 


iy pre! istoric 


evelopment luring 


means of eight life-size diorama 


and fifteen cases of archeological 
In the Ha of Races of Mar 
100 life-size bronze sculptures 
| busts 


eneth figures eads and 


typical members of the great 
divisions of the human fami \ 
-day. 
In the Hall of 
World the first of the groups pre 
moonlight scene in northen 
250.000 


a 
during Chellean times, 


ago. Beside a meandering river 

» hunters have built a fire, while on 
Pp opposite bank the great animals of 
time are watchine the flickering 
The dim and shadowy scene sug typical Swiss 


incompleteness of our know! 


painted in 


" } 
The 111 e@-S 


sts tne 
ge of that early period 

Group Il shows a Neanderthal family — stallation of 
the entrance to Devil’s Tower rock- parable work 


lter at Gibraltar. Group [I] portrays who obtained assist 


e dawn of art, magic and religion Keith, Professor 
Here an Aurignacian artist is kneeling Abbé Henri 


the frieze of mutilated hands in therefore as 





iwi 


— 


i 


FIELD MUSEUM OF NATURAL HISTORY, CHICAGO 
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CHELLEAN MOONLIGHT SCENE 


edge warrants. Charles A. Corwin, staff 
artist of 
for the remarkable painted backgrounds. 

The material includes 
the Solutré 


many other important treasures, all of 


Field Museum, is responsible 


archeological 


type collection from and 


which were acquired by me with the co- 


operation of the Abbé Breuil, who as- 
There 


are also tens of thousands of archeologi- 


sisted me in planning the hall. 


eal objects available to students in the 
study collections of the Department of 
The work on this hall, 


1927, 


Anthropology. 


begun early in was completed in 


August, 1933. 


The Hall of Races of Mankind was 


IN NORTHERN 
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cant 


FRANC! 


planned to show the main 
the 
one great exhibition hall for t 
of 


away 


human race assembled 


and comparison. 


the 


study 


from traditional] 


schemes for presenting physica 


pology exhibits, a great sculpt 


vina Hoffman, was employed 


task. The eminent 


important 


scientist, Sir Arthur Keith, wa 


interested in the project, and 


Hoffman much valuable 
work. 
1 The illustrations 

duced through the 
seum of Natural Histo 
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WITH BRONZE FIGURES OF RACIAL TYPES OF 


MEMORIAL 


MANKIND, 


HALL 


BY MALVINA HOFFMAN, SCI 
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advice 


K 


She traveled around the w 
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group of heroile size, the Unity — f; ensth ficur Nor Ml 
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